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1 Abstract 
Introductions and invasions of species outside their natural range can have devastating effects 
on the native species and be a major driver of biodiversity change. When the 
zooplanktivorous vendace invaded the Pasvik watercourse in the 1990s, it quickly took over 
the ecological role of the native DR whitefish. In the upper part of the watercourse, DR 
whitefish was displaced from the pelagic habitat and food resources, whereas in the lower 
part, the invasion developed at a slower rate and the two fish species have been able to 
coexist. Heavy predation from vendace led to the disappearance of the biggest cladoceran 
species in the watercourse and the remaining species have shifted towards smaller body sizes. 
The present study explores how the zooplankton community differ in density and 
composition and how the diet utilization and resource partitioning of pelagic vendace and DR 
whitefish vary among three contrasting lake sites; Ruskebukta and Tjærebukta in the upper 
and Skrukkebukta in the lower part of the watercourse, over four different study years. 
Further, the study explores whether inter-annual temperature variations can explain the 
variations in body size of Bosmina spp. and Daphnia sp. Samples were collected in 
September in the four study years in the pelagic zone of the three localities. Stomach content 
from all vendace and DR whitefish individuals were analyzed and zooplankton species were 
identified and measured in both the stomach and the environment samples.  
A key finding was that the zooplankton communities and the fish diets in Tjærebukta and 
Skrukkebukta were similar to each other in all study years, as opposed to Ruskebukta, where 
Bosmina spp. was almost depleted from the locality and DR whitefish was chiefly displaced 
from the pelagic zone and its resources. The body sizes of Bosmina spp. and Daphnia sp. 
could not be correlated to inter-annual temperature variations. The study revealed strong 
zooplankton predation and interspecific competition following the vendace invasion, but the 
impacts largely varied between sites. In the upper localities, strong interspecific competition 
for a down-grazed zooplankton resource has forced the DR whitefish in Ruskebukta to 
change its realized niche to benthic invertebrates and surface insects, whereas in Tjærebukta, 
DR whitefish has stayed in its original niche but its population densities have been strongly 
reduced. In Skrukkebukta, a lower density of vendace has led to a lower predation pressure 
on Bosmina spp. and lower interspecific competition, enabling coexistence of the two pelagic 
fish competitors. In conclusion, the vendace invasion has had major impacts on the pelagic 
compartment of the ecosystems in the Pasvik watercourse, where both the DR whitefish and 
the prey community has been negatively affected.   
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2 Introduction 
Introductions and invasions of species outside their natural range have become common and 
widespread in freshwater systems throughout the world. These non-native species can have 
devastating effects on the native species and be a major driver of biodiversity change. 
Common effects are alterations of the native species behavior and demography, which can 
occur at multiple ecological levels (Simon and Townsend, 2003). At the individual level, the 
native species may undergo changes in habitat use and foraging patterns. At the population 
level, the native species may be changed in abundance and distribution. At the community 
level, direct and indirect interactions between species can be altered by an invasive species. 
Ultimately, at an ecosystem level, an invasive species may change the way nutrients and 
energy move through the ecosystem (Simon and Townsend, 2003). Many of these effects are 
imposed by new predation and competition interactions with the newly arrived invaders 
(Simon and Townsend, 2003; Lambrinos, 2004; Yokomizo et al., 2017). 
Predation can cause ecological changes in both predator and prey, especially when a predator 
invades ecosystems were it does not naturally occur (Begon et al., 2006; Vitule et al., 2009). 
Often, the native prey will be more vulnerable to an invasive predator because they have 
never encountered the species before and thus never developed an effective anti-predator 
defense (Bateman et al., 2014; Battini et al., 2021). The prey species population can be 
strongly reduced or even disappear, and the remaining prey species often go through changes 
in growth, reproduction and behavior to avoid its new predator (Simon and Townsend, 2003; 
Begon et al., 2006; Strayer, 2010). Also interspecific competition can cause large ecological 
changes in an inferior competitor species (Giller, 1984; Wootton, 1990; Holway et al., 2002; 
Begon et al., 2006). A successful invading species will often have a competitive advantage 
for resource exploitation compared to native species that utilize the same resources (Reitz and 
Trumble, 2002; Duyck et al., 2004), referred to as asymmetrical competition (Weiner, 1982). 
The effects from competition on a native, inferior species can be of similar magnitude as the 
effects on prey from predation, where declines, or even extinction, in the native species can 
occur (Gause, 1934; Begon et al., 1996). Alternatively, the inferior competitor can be 
displaced from its preferred habitat and/or food resources and go through a niche shift to 
survive (Gause, 1934; Begon et al., 1996).  
The present study addresses possible effects of predation and competition in respect to the 
invasion of vendace (Coregonus albula L.) into the Pasvik watercourse in northern Norway 
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around 1990 from Lake Inari, Finland (Amundsen et al., 1999, 2019). Vendace is a highly 
specialized zooplanktivorous fish, and its invasion has led to the decrease in the native, 
densely rakered (DR) whitefish (Coregonus lavaretus) morph, which is also a  
zooplanktivorous fish (Bøhn et al., 2008; Sandlund et al., 2013). Whitefish used to dominate 
all the habitats of the lakes and reservoirs in the Pasvik watercourse prior to the vendace 
invasion (Amundsen et al., 1999). In the pelagic habitat, DR whitefish constituted on average 
>95% of the total catches (Amundsen et al., 1999). Vendace have shown great inter-annual 
population variations (Marjomäki et al., 2004; Salonen et al., 2007), including also after its 
arrival on the Pasvik watercourse (Sandlund et al., 2013; Amundsen et al., 2019). Even so, 
vendace quickly took over the ecological role of the DR whitefish as the dominant species in 
the pelagic habitat, whose population density had decreased by more than 90% by 2004 
(Amundsen et al., 1999; Bøhn et al., 2008). In the localities Ruskebukta and Tjærebukta in 
the upper part of the watercourse, DR whitefish was eventually nearly displaced from the 
pelagic habitat (Amundsen et al., 1999, 2019; Bøhn and Amundsen, 1998, 2001; Bøhn et al., 
2004, 2008), whereas in the lower locality Skrukkebukta, the vendace invasion had a slower 
development with only a gradual increase of density over time and no clear dominance of 
vendace has been observed (Amundsen et al., 1999, 2019).   
The vendace invasion has not only had strong impacts on the DR whitefish population in the 
Pasvik watercourse, but also the zooplankton community has gone through major changes in 
both density and composition after the invasion  (Bøhn and Amundsen, 1998; Amundsen et 
al., 1999, 2009), apparently representing the main reason for the relegation of DR whitefish 
from the pelagic habitat (Bøhn and Amundsen, 2001; Amundsen et al., 2019). Zooplankton 
communities can be heavily affected by predation from zooplanktivorous fish (Gliwicz, 
1994) and both the size structure and species composition can change towards a dominance 
of smaller zooplankton species and smaller body sizes (O’Brien, 1987; Dodson, 1988; 
Gliwicz and Pijanowska, 1989; Havens et al., 2015; Leroux and Loreau, 2015). 
Zooplanktivorous fish typically prefer cladoceran species (Hall, 1982) as they are often more 
visible, less mobile and move around with jerky movements, making them an easier prey to 
capture than copepods (Arts, 1999; Gliwicz, 1981; O’Brien, 1987; Skoglund et al., 2013). 
The invasion of vendace into the Pasvik watercourse gave a unique possibility to document 
the effects of a new predator on the native zooplankton community while it was happening 
(Amundsen et al., 2009). As the predation pressure increased, the diversity and density of the 
zooplankton community declined (Amundsen et al., 1999, 2009; Bøhn and Amundsen, 2001) 
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and the dominating species shifted towards smaller cladoceran species (Amundsen et al., 
2009). In the upper part of the watercourse, the numerical density of zooplankton were 
reduced to only 6-8% of the levels that was present at the beginning of the invasion in 1991 
(Bøhn and Amundsen, 1998; Amundsen et al., 2009). This heavy reduction in zooplankton 
density even gave a shortage in food availability for the predator itself, and vendace 
experienced reduced somatic growth and altered life-history variables (Bøhn et al., 2004; 
Bøhn et al., 2008).  
Ecosystems are complex structures (Rudolf and Rasmussen, 2013; Romagnan et al., 2016) 
and it is possible that other mechanisms than predation also may have impacted the 
zooplankton community in Pasvik, in particular environmental mechanisms like temperature 
changes (Rudolf and Rasmussen, 2013; Romagnan et al., 2016). Both water and air 
temperatures has increased in the Pasvik area over the past decades (Gjelland et al., 2012; 
Ylikörkkö et al., 2015), and the temperature-size rule states that warmer temperatures give 
faster growth, shorter generation time and smaller body size in organisms (Atkinson, 1994; 
Angilletta and Dunham, 2003; Gillooly et al., 2001; Havens et al., 2015). Zooplankton are 
generally believed to decrease in body size as the temperatures increase (Gillooly and 
Dodson, 2000; Gillooly et al., 2001; Havens et al., 2015). It is unknown how inter-annual 
temperatures may affect the zooplankton community in the Pasvik watercourse as this has not 
previously been studied. 
The aim of the present study is to explore how the zooplankton community differ in density 
and composition and how the diet utilization and resource partitioning of pelagic vendace and 
DR whitefish vary among three contrasting lake sites with different impact of the invaded 
vendace in the pelagic fish communities, including Ruskebukta and Tjærebukta in the upper 
part and Skrukkebukta in the lower part, and how this varies over four different study years. 
Previous studies have showed that vendace dominated the upper localities from the beginning 
of the invasion, whereas in Skrukkebukta, the development have been slower and a clear 
vendace domination has not been documented (Amundsen et al., 1999, 2019). Since the 
vendace population can show great inter-annually variations in density (Salonen et al., 2007; 
Amundsen et al., 2019), it is important to explore results from different years. Further, I 
examine whether inter-annual water temperature variations can be the cause of observed 
inter-annual variations in Bosmina spp. and Daphnia sp. body size by comparing two 
relatively warm and two relatively cold years and in the study and by using correlation 
analyses between the body sizes and annual mean water temperatures from 1991 to 2019. 
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My hypotheses are: 
1. The zooplankton community in Skrukkebukta will be dominated by cladocerans 
throughout the study, whereas due to the larger predation impact from the vendace 
invasion in Ruskebukta and Tjærebukta, the cladocerans there will have much smaller 
densities and a lower contribution to the zooplankton composition. 
2. Throughout the study, cladoceran zooplankton will dominate the diets of both 
vendace and DR whitefish in Skrukkebukta, whereas in Ruskebukta and Tjærebukta, 
DR whitefish will to a larger extent feed on benthic invertebrates due to the 
competitive effects of a down-grazing of the zooplankton community by vendace. 
3. Inter-annual temperature variations will have an impact on body sizes of Bosmina 
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3 Materials and Method 
3.1 Study area 
The Pasvik watercourse belongs to three countries. Originating in Lake Inari (1102 km2) in 
Finland, it runs into Russia before defining the borderline between Norway and Russia 
for ~120 km. The Norwegian-Russian part of the watercourse has a total area of 142 km2, a 
catchment area of 18 344 km2 and a mean annual water flow of ~175 m3 s-1 (Bøhn and 
Amundsen, 1998; Vannportalen, 2015). As a result of the hydropower industry, most rapids 
and waterfalls have disappeared and today the watercourse consists of seven water 
impoundments (hydropower reservoirs) linked by slow-flowing river sections (Bøhn and 
Amundsen, 1998; Bøhn et al., 2008). The water fluctuations are small, normally <80 cm. The 
summer temperatures are relatively high and the ice-free season in the lakes and reservoirs 
lasts from late May/beginning of June to the end of October/early November (Vannportalen, 
2015). Vegetation is dominated by birch (Betula sp.) and pine (Pinus sylvestris) with 
significant areas of Sphagnum bogs (Bøhn et al., 2008). Maximum and minimum monthly 
temperatures range from -13.5°C (January) to +14.0°C (July) with an annual mean 
temperature of -0.3°C. There is little precipitation in the area, the annual mean is 358 mm 
(Bøhn et al., 2008). 
The Pasvik watercourse is the most species rich watercourse in respect to fish in Northern 
Norway, and altogether 15 species have been recorded (Vannportalen, 2015). The most 
abundant native species are polymorphic whitefish (Coregonus lavaretus (L.)), perch (Perca 
fluviatilis L.), pike (Esox Lucius L.), burbot (Lota lota L.), brown trout (Salmo trutta L.) 
(Bøhn et al., 2008), and in the latest decades also vendace (Coregonus albula) after its 
invasion following the introduction into Lake Inari in the 50s and 60s (Amundsen et al., 
1999).  
Whitefish in the Pasvik Watercourse belong to the Siberian clade that have a distribution 
from the Arctic Sea to Southwest Norway (Østbye et al., 2005). They are most likely the 
result of sympatric speciation within the system, partly due to lack of trophic competitors 
(Østbye et al., 2006). The whitefish in the Pasvik watercourse exists in three commonly 
occurring sympatric morphs, densely rakered, large sparsely rakered and small sparsely 
rakered whitefish (hereafter denoted as DR whitefish, LSR whitefish and SSR whitefish) 
(Amundsen et al., 1999, 2019; Kahilainen and Østbye, 2006; Siwertsson et al., 2010). The 
LSR whitefish occupies the littoral habitat and its preferred prey consists of benthic 
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macroinvertebrates (Amundsen et al., 2004; Amundsen et al., 2019). The SSR whitefish 
occupies the profundal habitat and feeds mainly on benthic macroinvertebrates buried in soft 
sediments (Kahilainen and Østbye, 2006; Siwertsson et al., 2010). LSR and SSR whitefish 
are not believed to be directly affected by the vendace invasion. DR whitefish occupies the 
pelagic zone of the watercourse, the same ecological niche as the closely related vendace also 
prefers (Amundsen et al., 2004; Amundsen et al., 2019). 
Vendace is an Eastern species, meaning that its natural habitat are limited to freshwater 
systems that are presently, or have been, entering the Baltic Sea (Amundsen et al., 1999). The 
species was translocated and introduced in Lake Inari in Northern Finland in the 1950s and 
1960s for commercial fishery (Mutenia and Salonen, 1992; Salonen and Mutenia, 2004). The 
population grew quickly and had become large by the end of the 1980s (Mutenia and 
Salonen, 1992). The Pasvik watercourse has its outlet in Lake Inari, thus the vendace 
eventually spread there through downstream migration from the lake. The first unconfirmed 
records of vendace in the Pasvik watercourse was in 1989 and the first confirmed records are 
from 1990 (Amundsen et al., 1999). 
 
3.1.1 Study lakes 
Three localities have been investigated for this study (figure 1). Two of them are situated in 
close vicinity to each other in the upstream part the watercourse (Ruskebukta and Tjærebukta 
in the Vaggetem region). The third, Skrukkebukta, is situated approx. 50 km downstream 
from Ruskebukta and Tjærebukta. The three water basins are located adjacent to the main 
path of the Pasvik Watercourse and have insignificant water flow (Bøhn and Amundsen, 
1998). 
Lake Ruskebukta (69°12.604’N, 29°14.773’E; 52 m.a.s.l.) in the upstream part has a total 
area of 5.3 km2 (Amundsen et al., 1999). The mean depth is 3.6 m and the maximum depth is 
15 m. The lake is dimictic, oligotrophic and humic. The Secchi depth ranges from 1.5-2.5 m 
(Amundsen et al., 2009).  
Lake Tjærebukta (69°12.750’N, 29°10.756’E; 52 m.a.s.l.), the other of the two upstream 
localities, is located adjacent to lake Ruskebukta (approx. 2.5 km apart). The total area is 5.1 
km2. The lake is deeper than Ruskebukta; the mean depth is 6 m and the maximum depth is 
26 m. The lake is dimictic, oligotrophic and humic and the Secchi depth ranges from 2 to 6 
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m. First time vendace was recorded in Ruskebukta and Tjærebukta was in 1991 (Amundsen 
et al., 1999; Bøhn et al., 2008; Liso et al., 2013). 
Lake Skrukkebukta (69°33.296’N, 30°7.302’E; 21 m.a.s.l), the downstream locality, has a 
total area of 6.6 km2. Most of the lake is deeper than 3 m, with a mean depth of 14 m and a 
maximum depth of 38 m (Amundsen et al., 1999). Lake Skrukkebukta is dimictic and 
oligotrophic (Bhat et al., 2014) and Secchi depth ranges from 2-6 m (Bøhn et al., 2008). The 
vendace invasion did not reach Lake Skrukkebukta until 1993 and in general, this lake has 
seen a slower development of the vendace population density than the upstream lakes 
(Amundsen et al., 1999, 2009). 
 
 
Figure 1: Map over the Pasvik Watercourse. Arrows show the study localities of Ruskebukta, 
Tjærebukta, Skrukkebukta as well as Skogfoss where NVE’s automatic water temperature 
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3.2 Field sampling 
Field sampling has been conducted on annual basis in the Pasvik watercourse since 1991 
(Amundsen et al., 2009, 2019). The present study includes data from 2018 and 2019, when I 
took part in the field sampling and did the laboratory analysis. In addition, I have used data 
already collected in 2008 and 2009 to get a larger range of comparisons of fish densities and 
temperatures. The two years were selected based on the temperature data; with the data from 
2018 and 2019, choosing 2008 and 2009 gave me two relatively warm years (2008 and 2019) 
and two colder years (2009 and 2018; figure 2 and appendix figure A1).  
Sampling was conducted during the first two weeks of September in all four study years. For 
the fish sampling, we used multi-meshed floating gillnets set out overnight in the pelagic 
zone above the deepest part of the lakes. In 2018 and 2019, gillnets were set out one night in 
each of the lakes Ruskebukta and Tjærebukta, and two nights in Skrukkebukta due to smaller 
fish catches. The gillnets are 45 m long and 6 m deep. We tied two and two together, giving a 
total length of 90 m. Each gillnet is separated into nine panels of 5 m each, with mesh sizes 6 
mm, 8 mm, 10 mm, 12.5 mm, 15 mm, 18.5 mm, 22 mm, 26 mm, and 35 mm. 
The fish were removed from the gillnets shortly after being brought ashore. In the field 
laboratory, every fish was given an individual number, and the relevant information and 
samples were collected. We identified the species, and for whitefish also the morph, and 
measured fork length (mm) and weight (g) and recorded the sex and sexual maturity of all the 
fish. Only pelagic caught vendace and DR whitefish were addressed in the present study. 
Stomachs were sampled and conserved in 96% ethanol for later dietary analysis in the 
university laboratory. Depending on the fish species, we also sampled otoliths, gills, flesh and 
intestines, and looked for parasites in the stomachs, hearts and flesh, but these materials and 
data were not utilized in this study.  
In all three localities, we sampled zooplankton with a plankton net with mesh size 125 μm. 
We used standard zooplankton sampling, conducting three vertical hauls at each locality from 
15 m depth up to the surface. The plankton net was pulled at a speed of approximately 0.5 
m/second. The zooplankton samples were passed into sample containers of 250 ml. 10% of 
40% formalin was added to the samples to preserve them, giving a final concentration of 4%. 
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3.2.1 Catch per unit effort (CPUE) 
Catch per unit effort (CPUE) was used as an indicator of relative fish density and calculated 
for both vendace and DR whitefish for all four years investigated. Due to the small size of the 
0+ generation of vendace, it is likely that they to a high degree escaped being caught by the 
gillnets. Thus, the actual density of this generation is likely not well represented by the CPUE 
estimates. 
In general, the vendace CPUE was much higher in Ruskebukta and Tjærebukta than in 
Skrukkebukta (figure 2 and appendix figure A2, appendix table A3, A5). In addition, there 
was a greater variation between the years in Ruskebukta and Tjærebukta, whereas it stayed at 
approx. the same low level throughout the study in Skrukkebukta. Whitefish CPUE on the 
other hand, showed a pattern with stable but low CPUE in all three localities throughout the 
study. 
In Ruskebukta, the CPUE of vendace was quite low in 2008 and 2009, before it more than 
doubled in 2018 and stayed at a similar level in 2019 (figure 2a). In Tjærebukta, vendace also 
had a quite low CPUE in 2008 (figure 2b). However, the CPUE more than doubled in 2009. 
In 2018, however, it had decreased to almost the same level as in 2008 and stayed at this level 
also in 2019. In Skrukkebukta, the vendace CPUE was consistently low throughout the study 
(figure 2c). 
For DR whitefish, CPUE was low in all three localities (figure 3 and appendix A2, appendix 
table A3, A5). In both Ruskebukta and Tjærebukta, the CPUE was many times lower for DR 
whitefish than for vendace. In Skrukkebukta, although still at a low level, DR whitefish 
CPUE was approximately twice as high as the vendace CPUE in 2008 and 2009, whereas it 
was below half of the vendace CPUE in 2018 and 2019.  
 
Figure 2: CPUE of vendace and DR whitefish in a) Ruskebukta, b) Tjærebukta and c) 
Skrukkebukta during the four study years 2008, 2009, 2018 and 2019. 
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3.2.2 Temperature data  
Water temperature data have been retrieved from NVE’s automatic temperature logger at the 
Skogfoss hydropower dam, located more or less halfway between the upper and lower 
localities. The temperatures were measured at one meter depth on a daily basis since 1991. 
Average temperatures were calculated from the retrieved data (figure 3, A1). I assume that 
the water temperatures measured at Skogfoss are representative for the water temperatures in 
the three lakes I have investigated. A period of three months, from June 15th to September 
15th was selected for the study, a time period that includes both the most important growing 
season for zooplankton (Primicerio and Klemetsen, 1999) and period of field sampling. I 
used two-sample t-test analyses in the statistical software program “r” to analyze if the body 
sizes of Bosmina spp. and Daphnia sp. were affected by temperature variations. In addition to 
analyzing the effects on body size from the average temperature from June 15th to September 
15th, I also selected all days within this period with temperatures >8°C to see if higher 
temperatures affected the body size. To facilitate more extensive comparisons, I was also 
given access to data from the complete Pasvik zooplankton time-series in order to analyse 
possible correlation between the body sizes of Bosmina spp. and Daphnia sp. and the annual 
mean water temperatures from 1991 to 2019 (figure A5, table A21). 
 
Figure 3: Average water temperature with standard deviation from June 15th to September 
15th at the measuring station at Skogfoss for the study years 2008, 2009, 2018 and 2019.  
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3.3 Laboratory work in Tromsø 
In the lab, I analyzed all fish stomachs and zooplankton samples from 2019 (see table 1 for 
number of stomachs analyzed). I also analyzed the stomachs from 2018 when I was working 
on my bachelor thesis (Høstmark, 2018). The stomachs and zooplankton samples from 2008 
and 2009 were collected and analyzed according to the same procedures as I used, and the 
data were put at disposal for my study. 
For the stomach samples, I used the subjective relative-fullness method (Hyslop, 1980) to 
determine how much of each prey group the individual fish had eaten. I visually determined 
the total stomach fullness on a scale from 0 % (empty stomach) to 100 % (full stomach). 
When analyzing the stomach content of the fish, the different types of prey (n=27) were 
identified down to species or genus for zooplankton, while zoobenthos were mostly identified 
down to family level. To better visualize the results, some of the less important prey taxa in 
the fish diets were combined and registered into categories (n=8, appendix table A2). The 
prey taxa from the category “other” were very digested and could mostly be identified to 
genus or family level, but not species level. When organizing the prey taxa into categories, 
the genus and families identified in “other” could be reorganized into the new categories, thus 
the category “other” were removed. Every species was assigned a fullness contribution as 
part of the total fullness of the stomach (Amundsen et al., 2019). 
 
Table 1: The number of fish (n) sampled for stomach content analysis from vendace and DR 
whitefish in Ruskebukta, Tjærebukta and Skrukkebukta for the four study years (2008, 2009, 
2018 and 2019). 
  Vendace DR whitefish 
Ruskebukta 2008 126 25 
2009 86 22 
2018 45 9 
2019 44 24 
Tjærebukta 2008 99 3 
2009 72 24 
2018 35 10 
2019 59 4 
Skrukkebukta 2008 133 136 
2009 63 95 
2018 39 25 
2019 64 18 
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After gently flushing the zooplankton samples for several hours in order to remove the 
formalin and diluting them with water, the zooplankton were counted and measured. All 
species were registered and counted until I had at least 100 individuals of the most abundant 
species (appendix table A1). I took new sub-samples until 100 individuals were reached, 
while always finishing all the sub-samples, also the last one where 100 individuals were 
reached. All species were counted, whereas length and clutch size were only measured on 
Daphnia sp. and Bosmina spp. In the data analysis, density of the zooplankton was measured 
as the relative density of zooplankton estimated as number of individuals per vertical net 
hauls. The density composition of the zooplankton community is expressed as the relative 
density contribution of each taxa to the total zooplankton density. 
When measuring the length of Bosmina spp., I measured the total length of the body, without 
the spine, on 50 individuals (table 2). I registered if they had eggs or ephippia, and if so, how 
many. After reaching 50 individuals, I kept measuring until I had registered 40 females with 
eggs in total. For Daphnia sp. I measured the length of the head, the body (from top of the 
head to bottom of the body where the spine starts) and the total length (from top of the head 
to the end of the spine). The spine length was later calculated by subtracting the body length 
from the total length. I measured 50 Daphnia sp. and registered the sex, if they had eggs or 
ephippia, and if so, how many. When I had measured 50 individuals I continued until I had 
50 females, and then until I had 40 females with eggs or ephippia in total. 
I also measured the length of Bosmina spp. and Daphnia sp. in the stomachs of vendace and 
DR whitefish in order to compare the size distribution of zooplankton community in the 
environment with the zooplankton that the fish chose to feed on (table 2 and 3). From each 
locality, I selected 3-5 vendace and 3-5 DR whitefish stomachs that contained zooplankton 
that were relatively undigested and could be measured. The measuring of zooplankton from 
fish stomachs had not been conducted in the 2008 and 2009 sampling, and these two early 
years could thus not be included in the comparisons of zooplankton sizes in the environment 
versus the stomachs of pelagic vendace and DR whitefish. When analyzing the data from the 
length measurements of Bosmina spp. and Daphnia sp. I only used the egg-carrying females, 
as they are more visible for zooplanktivore fish and thus believed to be thr preferred prey 
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Table 2: Overview of how many individuals (n) of Bosmina spp. and Daphnia sp. from 
zooplankton samples in the environment that were measured in the study localities 
Ruskebukta, Tjærebukta and Skrukkebukta in the study years 2008, 2009, 2018 and 2019. 




















Ruskebukta 2008 59 23 82 79 40 
2009 66 20 78 78 40 
2018 76 42 167 144 68 
2019 82 42 101 96 63 
Tjærebukta 2008 50 7 50 44 3 
2009 57 12 70 70 34 
2018 81 46 128 82 42 
2019 93 43 103 85 40 
Skrukkebukta 2008 55 8 50 47 6 
2009 80 42 75 68 29 
2018 104 47 108 70 13 
2019 85 42 96 85 44 
 
Table 3: Overview of how many individuals (n) of Bosmina ssp. and Daphnia sp. from fish 
stomachs that were measured in the study localities Ruskebukta, Tjærebukta and 
Skrukkebukta in the two latest study years, 2018 and 2019. 




















Ruskebukta 2018 58 30 33 30 7 
2019 151 56 45 44 11 
Tjærebukta 2018 51 22 2 2 1 
2019 122 63 60 55 28 
Skrukkebukta 2018 105 52 21 17 1 
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3.4 Data analyses 
 
3.4.1 Diet composition 
The diet composition of vendace and DR whitefish is measured by using the subjective 
relative-fullness method in terms of percent prey abundance, defined as the percentage of 
total stomach contents in all predators comprised by each given prey type (Hyslop, 1980; 
Amundsen et al., 2019).  
The percent prey abundance (Ai) of each prey type was calculated from their presence and 
fullness in the stomachs: 
Ai = (Ʃ Si / Ʃ St) x 100, 
Where Si is the stomach fullness of prey type i in the stomachs and St is the total stomach 
fullness of all fish in a population.  
 
3.4.2 Niche width 
For calculating the niche width, I used Levins’ index (Krebs, 2016): 
𝐵 = 1/Σ𝑝𝑖
2, 
Where B = Levins’ measure for niche width, and pi = proportion of individuals using 
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3.4.3 Diet similarity 
To explore the diet similarities between vendace and whitefish, and among the lake localities 
for the two fish species, the diet similarity was calculated by using Schoener’s index 
(Schoener, 1970): 
𝐷 = 100(1 − 0.5 × Σ|𝑝𝑥𝑖 − 𝑝𝑦𝑖|), 𝑖 = 1, 2, … , 𝑛  
where pxi and pyi are the frequencies of prey type i in fish species x and y, respectively, and n 
= the number of prey types. D = 0 means there is no overlap between the diets and D = 100 
means the diets are of identical composition (Schoener, 1970). Wallace (1981) argued that it 
is unlikely that two assumed identical individuals from the same population will have the 
exact same diet. There will be random events causing some differences. Therefore, he 
concluded that an overlap with > 60 % between two individuals/species is biologically 
significant (Wallace, 1981). Thus, I define the degree of diet overlap as < 40 % = modest diet 








4.1 Zooplankton density 
The total zooplankton densities varied largely among the localities and study years, with the 
highest densities observed in Ruskebukta and Tjærebukta, whereas Skrukkebukta generally 
had the lowest densities (figure 4, appendix figure A2, A3, and appendix table A4). The 
density variations among localities and years were chiefly due to large fluctuations in the 
densities of Bosmina spp. and Daphnia sp., and to some extent also cyclopoid copepods. 
In Ruskebukta, the total zooplankton density largely varied over the sampled years, being low 
in 2008 and 2018 and high in 2009 and 2019 (figure 4a, appendix A2a and A3a). These 
changes were largely due to great variations in the density of Daphnia sp. The density of 
Bosmina ssp. was in contrast low and other cladocerans were almost non-existent in the 
zooplankton samples over the four study years. Cyclopoid copepods had highest densities in 
the first two study years, and both cyclopoid and calanoid copepods had their peaks in 2009, 
whereas their densities were low in the last two study years.  
In Tjærebukta, the total zooplankton density was high in 2008 and 2019 and low in 2009 and 
especially in 2018 (figure 4b, appendix A2b and A3b). As for Ruskebukta, these variations 
were driven by the Daphnia sp. density, which was high in 2008 and 2019 and low in the 
other two years. Bosmina spp. had a relatively high density in 2008, but low in the other three 
study years, whereas other cladocerans and copepods consistently had very low densities. 
In Skrukkebukta, the total zooplankton density was relatively high in 2008 and quite low in 
the other years (figure 4c, appendix A2c and A3c) but showed in general smaller variations 
than in the other two lakes. In contrast to the dominance of Daphnia sp. in Ruskebukta and 
Tjærebukta, the densities of Bosmina spp. and Daphnia sp. showed similar levels and patterns 
in Skrukkebukta. Both were most abundant in 2008. Other cladocerans and the copepods had 
relatively low densities in all years, except for a slight peak in cyclopoid copepods in 2018. 
For a detailed density account of all species and their various life stages, see appendix figure 
A3 and appendix table A4, in the supplementary information. 
 
Page 22 of 68 
 
 
Figure 4: Overview of the mean densities of zooplankton in a) Ruskebukta, b) Tjærebukta and 
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4.2 Zooplankton community composition 
The zooplankton composition varied among the localities (figure 5, appendix A4). While 
Daphnia sp. made a large contribution to the zooplankton community in all three lakes, 
Bosmina spp. and the copepods showed greater variation between the localities, whereas 
other cladocerans mostly had insignificant contributions.  
In Ruskebukta, the zooplankton composition was dominated by cyclopoid copepods (58 %) 
and Daphnia sp. (36 %) in 2008 (figure 5a). The following three study years the contribution 
of cyclopoid copepods decreased gradually to 4.6 % in 2019, whereas Daphnia sp. was by far 
the dominating species in 2009, 2018 and 2019 with > 50 % in all three years.   
In Tjærebukta, Daphnia sp. and Bosmina spp. dominated the lake throughout the study, while 
cyclopoid copepods, calanoid copepods and other cladocerans only constituted a small part of 
the zooplankton composition (figure 5b). In most years, Daphnia sp. was by far the dominant 
of the two cladocerans, constituting > 50 % the zooplankton community, except in 2009, 
when Bosmina spp. had a small domination over Daphnia sp.  
Bosmina spp. and Daphnia sp. dominated the zooplankton community in Skrukkebukta as 
well (figure 5c), except in 2018 when cyclopoid copepods constituted a large part of the 
zooplankton composition and dominated over Bosmina spp. and Daphnia sp. The relative 
contribution of Bosmina spp. was generally larger in Skrukkebukta than in Tjærebukta and 
consistently much larger than in Ruskebukta. 
For a detailed zooplankton composition account of all species and their various life stages, 
see figure appendix A4 and appendix table A5, in the supplementary information. 
 
 
Figure 5: Relative composition (%) of the zooplankton communities in the three localities a) 
Ruskebukta, b) Tjærebukta and c) Skrukkebukta over the four years investigated (2008, 2009, 
2018 and 2019). Nauplius larvae are not included.  
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4.3 Prey abundance 
4.3.1 Vendace 
Vendace in Ruskebukta fed on different prey types than in Tjærebukta and Skrukkebukta 
(figure 6). In Tjærebukta and Skrukkebukta, the vendace diet was consistently dominated by 
Bosmina spp., whereas in Ruskebukta vendace predominantly fed on other organisms like 
surface insects, insect pupae, and benthic invertebrates (Eurycecus lamellatus, appendix table 
A6), and in 2008, also fish (nine-spined sticklebacks).  
More specifically, in 2008 and 2009 the vendace diet in Ruskebukta was dominated by the 
surface insects/insect pupae prey category (59 % and 45 %, respectively, figure 6a). 
However, in 2008 also fish constituted a large part of the vendace diet, while in 2009 
Bosmina sp. and large cladocerans were more commonly represented. In 2018, benthic 
invertebrates, surface insects and Daphnia sp. constituted similar parts of the vendace diet in 
Ruskebukta (from ~25 to ~28 % each), whereas in 2019, Bosmina spp., surface insects/insect 
pupae and large cladocerans dominated. In terms of the niche width of vendace in 
Ruskebukta, it was relatively low in 2008 and 2019 (Levins’ index: 3.0 and 3.3, respectively), 
and high in 2009 and especially high in 2018 (Levins’ index: 4.7 and 6.7, respectively; figure 
7, appendix table A7). 
In Tjærebukta, cladocerans dominated the vendace diet in all four years and Bosmina spp. 
was by far the dominant taxa among the cladoceran prey groups (figure 6b). The Bosmina 
spp. dominance was at its lowest in 2008 (39.2 %), when it was closely followed by Daphnia 
sp., and calanoid and cyclopoid copepods. In the last three study years, Bosmina ssp. 
constituted > 70 % of the vendace diet. The niche width was 3.8 in 2008 in Tjærebukta, and 
thus higher than in Ruskebukta, whereas in the other three years the index values for vendace 
were mostly below 2.0 and thus distinctly lower than in Ruskebukta (figure 7, appendix table 
A7). 
Also in Skrukkebukta, the vendace diet was dominated by Bosmina spp. all four years. Like 
in Tjærebukta, the Bosmina spp. dominance was at its lowest in 2008 (33.3 %), closely 
followed by cyclopoid copepods and Daphnia sp. In 2009, 2018 and 2019, Bosmina spp. 
constituted 65 % to 85 % of the vendace diet. The niche width in Skrukkebukta were similar 
to Tjærebukta, with an index value of 4.0 in 2008 and mostly below 2.0 in the other three 
years, and thus distinctly different from Ruskebukta (figure 7, appendix table A7). 
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4.3.2 DR whitefish 
In Ruskebukta in 2008, the diet of DR whitefish was dominated by benthic invertebrates 
(mainly Eurycecus lamellatus, figure 6a, appendix table A6), fish and surface insects. In the 
last three study years, surface insects/insect pupae constituted more than 50 % of the prey 
abundance, followed by benthic invertebrates as the second most important prey group. Only 
in 2019, the cladoceran prey groups gave a notable contribution to the DR whitefish diet in 
Ruskebukta, when both Bosmina spp. and large cladocerans had a prey abundance of 10.9 % 
each (21.8 % in total). The niche width varied moderately between 3.0 and 3.7 (figure 7, 
appendix table A7). 
In Tjærebukta, cladocerans dominated the DR whitefish diet in all years, except for 2018, 
when insect pupae dominated, constituting 58 % (figure 6b). In 2008, DR whitefish fed 
almost exclusively on Bosmina spp. and Daphnia sp. (46.5 % and 45.7 %, respectively). In 
2009 and 2019, they also fed on large cladocerans, in addition to Bosmina spp. and Daphnia 
sp. The niche width was at a low level in 2008 and 2009 (2.4 and 2.2, respectively) and 
somewhat higher in 2018 (3.8) and 2019 (3.3) (figure 7, appendix table A7). 
In Skrukkebukta, the DR whitefish diet looked similar to the vendace diet, consistently being 
dominated by Bosmina spp., which constituted more than 50 % of the prey abundance in all 
four years (figure 6c). The niche width varied between 1.8 and 3.1 in a similar pattern among 
years as for vendace, but with smaller inter-annual differences (figure 7, appendix table A7). 
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Figure 6: Relative diet composition in terms of percent prey abundance (%) in vendace in a) 
Ruskebukta, b) Tjærebukta and c) Skrukkebukta  and DR whitefish d) Ruskebukta, e) 
Tjærebukta and f) Skrukkebukta, over the four years (2008, 2009, 2018 and 2019). 
 
 
Figure 7: Dietary niche widths in terms of Levin’s index in a) vendace and b) DR whitefish, 
over the study years (2008, 2009, 2018 and 2019) in the three localities Ruskebukta, 
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4.4 Diet similarity between species and among localities 
4.4.1 Dietary niche overlap between vendace and DR whitefish  
Among the three investigated localities, the lowest dietary overlaps between vendace and DR 
whitefish were seen in Ruskebukta and partly in Tjærebukta, whereas the highest diet 
similarity was consistently seen in Skrukkebukta with a significant overlap in all study years 
(figure 8, appendix table A8). In Ruskebukta, the diet overlap between vendace and DR 
whitefish showed an increasing trend over the study years with the lowest index value 
observed in 2008 and the highest in 2019. The dietary differences between the two species 
were mostly due to a relatively large inclusion of benthic invertebrates in the DR whitefish 
diet, whereas vendace in contrast partly fed on zooplankton. 
In Tjærebukta, the diet overlap was high and significant (i.e. >60 %) in the first two years, 
whereas the overlap was very low in 2018 and relatively high again in 2019 (figure 8). The 
high overlap values were related to a dominance of Bosmina spp. and in 2008 also Daphnia 
sp. in the diet of both species. The low overlap values in 2018 was related to a dominance of 
surface insects/insect pupae (mostly chironomidae pupae and unidentified species of insect 
larvae/pupae) in the DR whitefish diet while vendace still predominantly fed on Bosmina spp.  
In Skrukkebukta, vendace and DR whitefish had a high and significant diet overlap (>60 %) 
in all four years. In 2008, the high diet overlap was related to a varied but similar 
zooplankton diet where both fish species fed on Bosmina spp., Daphnia sp. and cyclopoid 
copepods. For the three years, the high dietary overlap was predominantly a result of both 
fish species specializing on Bosmina spp. 
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Figure 8: Diet overlap of vendace and DR whitefish over the four study years (2008, 2009, 
2018 and 2019) in the three investigated localities (Ruskebukta, Tjærebukta and 
Skrukkebukta), illustrated by using Schoener’s index. The stapled line shows the 60 % limit 
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4.4.2 Comparison among localities 
4.4.2.1 Vendace  
In general, the vendace diet similarity was high between Tjærebukta and Skrukkebukta, while 
it was low between Tjærebukta and Ruskebukta, and between Skrukkebukta and Ruskebukta.  
Vendace in Tjærebukta and Ruskebukta had a low diet similarity (<25 %) in the first three 
study years. It was high (>60 %) in 2019 (figure 9a, appendix table A8), at the same time as 
vendace in Ruskebukta had an enhanced dietary contribution of Bosmina spp. and large 
cladocerans, and thus a diet more similar to vendace in Tjærebukta. In contrast, the diet 
similarity between vendace in Tjærebukta and Skrukkebukta was high and significant (>60 
%) in all study years, reflecting a dominance of Bosmina spp. in both localities throughout 
the study. Between Skrukkebukta and Ruskebukta, the diet similarity showed the same 
pattern as between Tjærebukta and Ruskebukta; it was mostly low in the first three years and 
high in 2019. The vendace diet was dominated by Bosmina spp. in all four years in 
Skrukkebukta, as it also was in Ruskebukta in 2019. However, in the other three study years, 
surface insects/insect pupae dominated the diet in Ruskebukta, resulting in the low diet 
similarity between the two localities.  
 
4.4.2.2 DR whitefish 
In general, the diet similarity of DR whitefish showed the same pattern as for vendace. It was 
high between Tjærebukta and Skrukkebukta, while it was low between Tjærebukta and 
Ruskebukta, and between Skrukkebukta and Ruskebukta. However, the pattern was not 
consistent throughout the study period, and 2018 deviated from the general pattern. 
The diet similarity of DR whitefish between Tjærebukta and Ruskebukta was low (<40 %) in 
the first two years and in 2019, while it was high (>60 %) in 2018 (figure 9b, appendix table 
A8). The diet of DR whitefish in Ruskebukta was dominated by surface insects/insect pupae, 
benthic invertebrates and fish in all four years, while in Tjærebukta these prey groups 
dominated only in 2018, resulting in the high diet similarity index. The diet similarity 
between DR whitefish in Tjærebukta and Skrukkebukta showed a pattern that was completely 
opposite to Tjærebukta and Ruskebukta, being high in all years expect for 2018, when it was 
low. The high diet similarity in the first three study years was due to the diet in both localities 
being dominated by Bosmina spp. In 2018 in contrast, the diet of DR whitefish in Tjærebukta 
had changed to a domination of insect pupae, benthic invertebrates and fish, resulting in the 
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low diet similarity (appendix table A6). Between Skrukkebukta and Ruskebukta, the diet 
similarity of DR whitefish was low in all investigated years. This was due to the dietary 
dominance of Bosmina spp. in all study years in Skrukkebukta, whereas Bosmina spp. never 
dominated in Ruskebukta.  
 
Figure 9: Diet similarity of a) vendace and b) whitefish between Ruskebukta (RB), 
Tjærebukta (TB) and Skrukkebukta (SB), over the four study years (2008, 2009, 2018 and 
2019), illustrated by using Schoener’s index. The stipled line shows the 60 % limit that 
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4.5 Zooplankton body size 
Any differences observed in body sizes of Bosmina spp. and Daphnia sp. were greater 
between the lakes than between the years within each lake. In 2018 and 2019, Bosmina spp. 
in the environment were at similar sizes in all three lakes, whereas differences between the 
lakes could be seen from the stomachs, where they were smallest in Ruskebukta in both 2018 
and 2019 and biggest in Tjærebukta in 2018 and in Skrukkebukta in 2019 (two-sample t-test; 
p<0.05, appendix table A19). Both in 2018 and 2019, Daphnia sp. carapace length was 
smallest in Ruskebukta and biggest in Skrukkebukta in both environment and stomachs. In 
the environment the differences were significant in both 2018 and 2019 for the three lake 
comparisons (two-sample t-test; p<0.05, appendix table A19), except between Tjærebukta 
and Skrukkebukta in 2018. In the stomachs however, the differences were only significant in 
2019, for all three comparisons.  
Bosmina spp. body size in the environment showed similar patterns throughout the study in 
the three study lakes, with an average body size ranging from 0.39 mm to 0.47 mm (figure 
10, appendix table A9, A20). In all lakes, the body size decreased from 2008 to 2009. The 
opposite pattern was evident in 2018 when body sizes increased, which it also did in 2019. 
The body size of female egg-carrying Daphnia sp. showed greater variations in the 
environment than Bosmina spp. did (figure 10, appendix table A12, A20). The body size of 
Daphnia sp. decreased from 2008 to 2009 in all three localities. In Ruskebukta and 
Tjærebukta, the body size in 2008 was the largest in the study, whereas in Skrukkebukta the 
body size increased and was largest in 2019. 
The body size of Bosmina spp. was bigger and significant in the stomachs of the fish than in 
the environment in both 2018 and 2019 in all three localities, except for Ruskebukta and 
Skrukkebukta 2018 (two-sample t-test; p<0.05; figure 11a, appendix table A9, A10, A11). 
Additionally, in all three localities, Bosmina spp. was significantly bigger in 2019 than in 
2018 in both the environment and in the stomachs and in all the lakes (two-sample t-test; 
p<0.05, appendix table A15), except for in the environment in Ruskebukta (two-sample t-test; 
p<0.05). The carapace body size of female egg-carrying Daphnia sp. was only significantly 
bigger in the environment than in the stomachs in Ruskebukta 2019 (two-sample t-test; 
p<0.05, figure 11b, appendix table A12, A13, A14). In Ruskebukta, the carapace length of 
female egg-carrying Daphnia sp. was significantly bigger in 2018 than in 2019, in both 
environment and stomachs (two-sample t-test; p<0.05). In Tjærebukta, it was significantly 
bigger in 2019 than 2018 only in the stomachs, whereas in Skrukkebukta, only in the 
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environment (two-sample t-test; p<0.05, appendix table A15). I was given access to analyses 
of the correlation between Bosmina spp. and Daphnia sp. and the annual mean water 
temperatures from 1991 to 2019 (appendix figure A5, appendix table A16, A17, A18, A21), 
which did not show an impact on the body sizes from water temperatures. 
 
Figure 10: Boxplot of the observed body length of Bosmina spp. (a, b and c) and female egg-
carrying Daphnia sp. (d, e and f) in the environment, where x marks the average, the solid 
line is the median, the box represents 50% of the observations whiskers represents 95% of 
observations and dots are outliers, for the localities Ruskebukta, Tjærebukta and 
Skrukkebukta in all study years (2008, 2009, 2018 and 2019). 
 
 
Figure 11: Average body length of a) Bosmina spp. and average carapace length of b) female 
egg-carrying Daphnia sp. in the environment and in the stomachs of the fish, with standard 
deviation, from Ruskebukta, Tjærebukta and Skrukkebukta in 2018 and 2019.   
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5 Discussion 
A key finding of the present study was that the zooplankton communities and the fish diets in 
Tjærebukta and Skrukkebukta looked similar to each other in all study years, as opposed to in 
Ruskebukta, which seemed to be much more affected by the vendace invasion. In 
Ruskebukta, predation from vendace had almost depleted Bosmina spp., whereas in 
Tjærebukta and Skrukkebukta, Bosmina spp., together with Daphnia sp., had large 
contributions to the zooplankton communities and both fish species could to a larger degree 
feed on the cladocerans. The body sizes of Bosmina spp. and Daphnia sp. did not appear to 
be affected by the inter-annual temperature changes, but rather by the predation pressure they 
have been exposed to since the invasion took place.  
As expected, cladoceran zooplankton showed a large contribution to the zooplankton 
community in Skrukkebukta throughout the study. For Ruskebukta and Tjærebukta, the 
expectation that the cladocerans would have smaller densities and a lower contribution to the 
zooplankton composition was not fullfilled. In Tjærebukta, the zooplankton community was 
similar to Skrukkebukta, with both lakes for the most part being dominated by Bosmina spp. 
and Daphnia sp. Also in Ruskebukta the zooplankton community was dominated by 
cladocerans throughout the study, except in 2008 when cyclopoid copepods dominated. 
However, in contrast to Skrukkebukta and Tjærebukta, Daphnia sp. was the only dominating 
cladoceran species in Ruskebukta, whereas the contribution of Bosmina spp. was small. 
Daphnia cristata, which is the common daphnid species in Pasvik (Amundsen et al., 2009), is 
known to coexist with zooplanktivorous fish (Hamrin, 1983). This species is narrow and 
transparent (Artsdatabanken, 2016), which probably allows for them to easier avoid being 
seen by predators and when eaten, even escape through the fish gills (Pijanowska, 1992). 
Daphnia cristata, together with cyclopoid copepods and rotifers, are commonly dominating 
the zooplankton community in vendace dominated lakes (Hamrin, 1983; Løvik and Kjellberg, 
2003). Bosmina spp. is in contrast known to be the favorite prey of vendace (Hall, 1982; 
O’Brien, 1987; Hammar, 1988), and it has previously been demonstrated that the invasion of 
vendace into the Pasvik watercourse had a strong impact on the Bosmina spp. population in 
Ruskebukta, which has been strongly reduced (Bøhn and Amundsen, 1998; Amundsen et al., 
2009). This is supported by the low densities of Bosmina spp. in comparison to Daphnia sp. 
found in Ruskebukta in the present study. Skrukkebukta, and to a certain degree also 
Tjærebukta, had equal densities of Bosmina spp. and Daphnia sp. Skrukkebukta has not 
experienced the same densities of vendace as in the upper localities (fig. 2; Amundsen et al., 
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1999, 2019), and the vendace density was also generally much higher in Ruskebukta than in 
Tjærebukta. The cladoceran species has thus been exposed to a smaller predation pressure 
from vendace in Skrukkebukta and partly Tjærebukta, which has allowed for a higher 
survival rate among the larger individuals and preferred cladoceran species like Bosmina spp. 
(Bøhn and Amundsen, 1998; Amundsen et al., 2009). Also Liso et al. (2013) found the 
zooplankton community in Tjærebukta to be more similar to Skrukkebukta than to 
Ruskebukta, and concluded that the predation pressure from vendace and DR whitefish has 
been much stronger in Ruskebukta, making the cladocerans, and in particular Bosmina spp., a 
scarce resource there. Vendace seem to prefer feeding on Bosmina spp. even when the 
species is scarce and there are other potential prey items available (Northcote and Hammar, 
2006). For example, in the Swedish lake Mälaren, vendace chose to feed on Bosmina 
longispina even in late summer/autumn when the numbers of Bosmina spp. had been greatly 
reduced (Northcote and Hammar, 2006). This underlines how the high densities of vendace in 
Ruskebukta can impose a greater predation pressure on the zooplankton, in comparison to the 
other two investigated lakes. A decrease in zooplankton densities after the introduction of an 
efficient zooplanktivorous fish has also been documented in several other studies (e.g., 
Brooks and Dodson, 1965; Reif and Tappa, 1966; Galbraith, 1967; Hall et al., 1970; Lazzaro, 
1987) and shows how a preferred prey can be highly vulnerable to a new and specialized 
predator, as also revealed in the present study.  
As expected, cladoceran zooplankton dominated the diets of both vendace and DR whitefish 
in Skrukkebukta in all four study years, with Bosmina spp. as the preferred species. In 
Ruskebukta, the results were also as expected, as DR whitefish fed predominantly on benthic 
invertebrates and surface insects. For Tjærebukta, however, this hypothesis must be rejected. 
There, the diet of both vendace and DR whitefish were dominated by cladoceran zooplankton 
and were more similar to the diet in Skrukkebukta (except in 2018 when benthic invertebrates 
and surface insects dominated the DR whitefish diet in Tjærebukta). In both Skrukkebukta 
and Tjærebukta, the high dietary overlap between vendace and DR whitefish and the relative 
high densities of Bosmina spp. in all study years, suggest that there was moderate 
interspecific competition between the two fish species for food resources. However, even 
though the fish diets and zooplankton densities were similar in Tjærebukta and Skrukkebukta, 
it must be pointed out that the fish densities were not. In Tjærebukta, the CPUE of DR 
whitefish was much lower than vendace and, in this regard, more similar to Ruskebukta, 
which had similar fish densities. Gjelland et al. (2007) argued that vendace and DR whitefish 
 
Page 35 of 68 
 
in Skrukkebukta had segregated into different microhabitats along the depth gradient, where 
vendace occupied the epipelagic microhabitat (0-6 m) and the DR whitefish persisted in high 
numbers at intermediate depths (6-16 m). Furthermore, the densities of Bosmina spp. seem to 
have been high enough to sustain both fish species (Gjelland et al., 2007). It is possible that 
the segregation into microhabitats have persisted through my study as well, and in 
combination with a higher cladoceran density and a relatively low CPUE of both vendace and 
DR whitefish, contribute to the observed coexistence between vendace and DR whitefish in 
Skrukkebukta. A segregation along the depth gradient has not been investigated in 
Tjærebukta, but the low CPUE values of DR whitefish in comparison to vendace suggests 
little coexistence between the two fish species there.  
The pelagic zone in the upper localities, and especially in Ruskebukta, has been dominated by 
vendace since the very beginning of the invasion (Bøhn and Amundsen, 2001; Gjelland et al., 
2007). A shift in the DR whitefish diet from zooplankton to surface insects and benthic prey 
has previously been documented for Ruskebukta and concluded to be a response to the 
vendace grazing down the zooplankton community (Bøhn and Amundsen, 2001; Gjelland et 
al., 2007; Liso et al., 2013). Additionally, fish was found in the diets of both vendace and DR 
whitefish in Ruskebukta in 2008, even though this is not a common prey for any of the two 
fish species diets (Hall, 1982; O’Brien, 1987; Hammar, 1988). 2008 was also the year of the 
present study when the cladocerans in Ruskebukta species had the lowest densities and made 
the smallest contributions to the zooplankton composition and to the vendace prey 
abundance. Liso et al. (2011, 2013) studied the vendace and DR whitefish diets in 2008 from 
the same three lakes as in the present study and concluded that the fish occurrence in the diets 
in Ruskebukta was a consequence of extreme food resource limitation. It was further 
concluded that vendace, even though being a zooplanktivorous specialist, has the ability to 
adapt to a broader niche width when times are desperate and thus is more flexible in diet 
choice than previously assumed (Liso et al., 2011). It is possible that the suggestive extreme 
food resource limitation in Ruskebukta in 2008 is the result of a very strong 0+ vendace 
generation, even though this is not reflected in the CPUE. The youngest vendace generation 
is likely so small that most of them escaped the gill nets, and it is therefore plausible that the 
CPUE results do not reflect the actual fish densities in the lakes. Hence, in 2008 the 
abundance of the 0+ generation may likely have been big enough to have a major impact on 
the zooplankton community.  
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It has in previous studies been pointed out that reduced niche overlap between vendace and 
DR whitefish in the Pasvik watercourse and especially Ruskebukta, should be regarded as an 
evidence for competition (Bøhn and Amundsen, 2001; Liso, 2010). The competitive 
exclusion principle states that two species competing for the same resources should not be 
able to coexist, since one of the species will have an advantage over the other and the weaker 
species will either be excluded, or go through a niche shift and change its resource use 
(Gause, 1934; Molles, 2002). Vendace is considered a zooplankton specialist with a narrow 
diet spectrum and habitat range, and a greater competitor for zooplankton than DR whitefish 
(Northcote and Hammar, 2006; Sandlund et al., 2013). Whitefish is considered a generalist 
and its diet can include a wide array of prey items, although the DR whitefish morph prefer 
crustacean zooplankton (Sandlund et al., 2010).  DR whitefish also has the ability to change 
its diet to benthic invertebrates when times are scarce and thus has a wider fundamental niche 
than vendace (Northcote and Hammar, 2006; Sandlund et al., 2010; Sandlund et al., 2013). In 
Ruskebukta, where the preferred prey resource has become scarce, the wider fundamental 
niche of DR whitefish has made it possible to change its realized niche in order to reduce the 
interspecific competition with vendace. However, the exclusion from its original realized 
niche has led to a strong decline in population density in Ruskebukta (Bøhn et al., 2008; 
Amundsen et al., 2019). 
In contrary to what I expected, the differences in body sizes of Bosmina spp. and Daphnia sp. 
could not be correlated to the inter-annual temperature variations in any of the three lakes 
investigated. It is important to point out that Bosmina spp. has a generation time of 10-20 
days (Urabe, 1991) and Daphnia sp. 10-30 days (Ebert, 2005). This means that during the 
sampling for the present study, there has already been multiple generations that have lived 
and reproduced and the measured body sizes from September might not be representative for 
the population. This represents a source of error in the analyses that looks for a correlation 
between the September body sizes and the water temperatures measured over a period of 
three months in summer. However, analyses of time-series data on cladoceran body size and 
water temperatures from 1991 to 2019 supports that there is no correlation between the body 
sizes of Bosmina spp. and Daphnia sp. and inter-annual temperature variations (figure A5, 
table A21). Further, the differences in Bosmina spp. and Daphnia sp. body size were bigger 
between the lakes than they were between the study years, especially for Daphnia sp. 
Bosmina spp. was also consistently bigger in the fish stomachs than in the environment 
throughout the study in all the lakes (except in Ruskebukta in 2018), which supports the 
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assumption that vendace imposes a great size-selective pressure on the bigger Bosmina spp. 
The same differences between fish stomachs and the environment could not be seen in the 
body size of Daphnia sp., which were similar or bigger in the environment, confirming the 
assumption that Bosmina spp. is the preferred prey of vendace. It has been suggested that 
temperature is one of the main determinants of growth in cladoceran species (Gillooly and 
Dodson, 2000; Hart and Bychek, 2011; Havens et al., 2015). However, even though 
temperature can have strong effects on zooplankton, predation has been suggested to have an 
“over-riding influence on body size selection” (Hart and Bychek, 2011). As previously 
discussed, the predation pressure from vendace is higher on the zooplankton in the upper 
localities than in the lower, and these differences in predation pressure provides a better 
explanation for the differences in body size than the inter-annual temperatures do. Predation 
is believed to be the primary determinant of zooplankton size structure at both the individual 
and community level (Hall, 1982), and a study conducted in Lake Pyhäjärvi, Finland, 
concluded that vendace has the potential to influence the population dynamics of its main 
prey species (Helminen et al., 1990). It has previously been documented that the larger 
cladoceran species, both among Bosmina and Daphnia, disappeared from the watercourse 
after the vendace invasion (Amundsen et al., 1999, 2009). The smaller species that remained 
and have coexisted with the predators, have been exposed to a great selection pressure, and a 
reduction in body size of Bosmina spp. has been documented in Ruskebukta (Amundsen et 
al., 2009), which the present study supports. Predators select for the bigger and more visible 
zooplankton and a higher mortality and reduction in body size are direct effects from the 
predation (Lynch, 1977; O’Brien, 1987; Dodson, 1988; Havens et al., 2015). In the Pasvik 
watercourse, this particularly seems to apply for Bosmina spp., which by far was the most 
commonly selected zooplankton prey and apparently also suffered from a strong size-
selective impact from the vendace predation. The larger but more transparent and narrow 
Daphnia sp. had on the other hand a modest contribution to the diets of both vendace and DR 
whitefish, and possibly also suffered less from any size-selective predation. 
In conclusion, there was a high level of interspecific competition between vendace and DR 
whitefish in Ruskebukta and Tjærebukta. The downgrazing of cladocerans, and mainly 
Bosmina spp., has forced not only DR whitefish, but to a certain degree also vendace, to feed 
on other types of prey and thus shift its realized niche. In Tjærebukta, DR whitefish has not 
shifted its realized niche, but have instead almost been eliminated from the locality due to 
interspecific competition with vendace. In Skrukkebukta, the preferred zooplankton prey 
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Bosmina spp. had higher densities than in Ruskebukta and the two fish species could coexist 
with a large niche overlap especially from a common utilization of this prey type. Further, I 
conclude that the body sizes of Bosmina spp. and Daphnia sp. were not correlated to inter-
annual temperature variations. The predation pressure they were exposed to appeared to over-
ride any effects from the inter-annual temperature variations. To avoid sources of error in 
future studies, I recommend that zooplankton sampling is conducted on a weekly basis 
throughout the period that temperatures are collected from. Siwertsson (2004) concluded that 
the vendace invasion into the Pasvik watercourse has had a strong impact on zooplankton 
composition, demography, life-history, and morphology in its native prey community, and 
that biological invasion can develop differently even within the same watercourse. The 
Pasvik watercourse exemplifies how difficult it can be to predict the outcome of a biological 
invasion (Heger and Trepl, 2003), by the two fairly different situations that have developed in 
the upper and lower localities. My study supports the conclusion of Siwertsson (2004) and 
emphasizes the importance of good management strategies to avoid invasions of alien species 
into ecosystems where they do not naturally occur, and where they can drastically alter the 
demography and population development of native species (Strayer, 2010; Engel et al., 2011; 









Amundsen, P. A. et al. (1999) ‘Invasion of vendace Coregonus albula in a subarctic 
watercourse’, Biological Conservation, 88(3), pp. 405–413. doi: 10.1016/S0006-
3207(98)00110-4. 
Amundsen, P. A. et al. (2009) ‘Long-term responses of zooplankton to invasion by a 
planktivorous fish in a subarctic watercourse’, Freshwater Biology, 54(1), pp. 24–34. doi: 
10.1111/j.1365-2427.2008.02088.x. 
Amundsen, P. A. et al. (2019) ‘Long-term ecological studies in northern lakes—challenges, 
experiences, and accomplishments’, Limnology and Oceanography, 64, pp. 11–21. doi: 
10.1002/lno.10951. 
Amundsen, P. A. et al. (2004) ‘Gill raker morphology and feeding ecology of two sympatric 
morphs of European whitefish (Coregonus lavaretus)’, Annales Zoologici Fennici, 41(1), pp. 
291–300. doi: 10.1111/j.0030-1299.2004.13022.x 
Amundsen, P. A. and Sánchez-Hernández, J. (2019) ‘Feeding studies take guts – critical 
review and recommendations of methods for stomach contents analysis in fish’, Journal of 
Fish Biology, 95(6), pp. 1364–1373. doi: 10.1111/jfb.14151. 
Angilletta, M. J. and Dunham, A. E. (2003) ‘The Temperature-Size Rule in Ectotherms: 
Simple Evolutionary Explanations May Not Be General’, American Naturalist, 162(3), pp. 
332–342. doi: 10.1086/377187. 
Arts, M. T. (1999) ‘Lipids in Freshwater Zooplankton:Selected Ecological and Physiological 
Aspects’, in Arts, M. T. and Wainmann, B. C. (eds) Lipids in Freshwater Ecosystems. New 
York: Springer, pp. 71–90. doi: 10.1007/978-1-4612-0547-0_5. 
Atkinson, D. (1994) ‘Temperature and Organism Size—A Biological Law for Ectotherms?’, 
Advances in Ecological Research, 25(1), pp. 1–58. doi: 10.1016/S0065-2504(08)60212-3. 
Bateman, A. W. et al. (2014) ‘When to defend: Antipredator defenses and the predation 
sequence’, American Naturalist, 183(6), pp. 847–855. doi: 10.1086/675903. 
Battini, N. et al. (2021) ‘Predator–prey interactions as key drivers for the invasion success of 
a potentially neurotoxic sea slug’, Biological Invasions, 1(1). doi: 10.1007/s10530-020-
02431-1. 
Begon, M. et al. (1996) Population Ecology: A Unified Study of Animals and Plants. 3rd edn. 
 
Page 40 of 68 
 
Oxford, UK: Blackwell Science. doi: 10.1002/9781444313765. 
Begon, M. et al. (2006) ‘The nature of predation’, in Ecology: From Individuals to 
Ecosystems, pp. 267–296, Blackwell, Oxford. 
Bhat, S. et al. (2014) ‘Speciation reversal in European whitefish (Coregonus lavaretus (L.)) 
caused by competitor invasion’, PLoS ONE, 9(3), pp. 1–10. doi: 
10.1371/journal.pone.0091208. 
Bøhn, T. et al. (2004) ‘Rapidly changing life history during invasion’, Oikos, 106(1), pp. 
138–150. doi: 10.1111/j.0030-1299.2004.13022.x. 
Bøhn, T. and Amundsen, P. A. (1998) ‘Effects of invading vendace (Coregonus albula L.) on 
species composition and body size in two zooplankton communities of the Pasvik River 
System, northern Norway’, Journal of Plankton Research, 20(2), pp. 243–256. doi: 
10.1093/plankt/20.2.243. 
Bøhn, T. and Amundsen, P. A. (2001) ‘The competitive edge of an invading specialist’, 
Ecology, 82(8), pp. 2150–2163. doi: 10.1890/0012-9658(2001)082[2150:TCEOAI]2.0.CO;2. 
Bøhn, T. et al. (2008) ‘Competitive exclusion after invasion?’, Biological Invasions, 10(3), 
pp. 359–368. doi: 10.1007/s10530-007-9135-8. 
Brooks, J. L. and Dodson, S. I. (1965) ‘Predation, body size, and composition of plankton’, 
Science, 150(3692), pp. 28–35. doi: 10.1126/science.150.3692.28. 
D.cristata (no date) Artsdatabanken. Available at: https://artsdatabanken.no/Pages/214452/. 
Dodson, S. I. (1988) ‘The ecological role of chemical stimuli for the zooplankton: Predator‐
avoidance behavior in Daphnia’, Limnology and Oceanography, 33(6), pp.1431-1439. doi: 
10.4319/lo.1988.33.6part2.1431. 
Dodson, S. I. (1988) ‘Cyclomorphosis in Daphnia galeata mendotae Birge and D. retrocurva 
Forbes as a predator‐induced response’, Freshwater Biology, 19(1), pp. 109–114. doi: 
10.1111/j.1365-2427.1988.tb00332.x. 
Duyck, P. F. et al. (2004) ‘A review of relationships between interspecific competition and 
invasions in fruit flies (Diptera: Tephritidae)’, Ecological Entomology, 29(5), pp. 511–520. 
doi: 10.1111/j.0307-6946.2004.00638.x. 
Ebert, D. (2005) Ecology, Epidemiology and Evolution of Parasitism in Daphnia, Evolution. 
US: National Library of Medicine US National Center for Biotechnology Information. doi: 
 
Page 41 of 68 
 
10.1108/02634501111102760. 
Engel, K. et al. (2011) ‘Integrating biological invasions, climate change, and phenotypic 
plasticity’, Communicative and Integrative Biology, 4(3), pp. 247–250. doi: 
10.4161/cib.4.3.14885. 
Galbraith, M. G. (1967) ‘Size-selective Predation on Daphnia by Rainbow Trout and Yellow 
Perch’, Transactions of the American Fisheries Society, 96(1), pp. 1–10. doi: 10.1577/1548-
8659(1967)96[1:spodbr]2.0.co;2. 
Gause, G. F. (1934) The Struggle for Existence, The John Hopkins University, Homewood. 
doi: 10.1097/00010694-193602000-00018. 
Giller, P. S. (1984) Community structure and the niche, Chapman and Hall, London. doi: 
10.1007/978-94-009-5558-5. 
Gillooly, J. et al. (2001) ‘Effects of size and temperature on metabolic rate’, Science, 22(2), 
pp. 241–251. doi: 10.1126/science.1061967. 
Gillooly, J. F. and Dodson, S. I. (2000) ‘Latitudinal patterns in the size distribution and 
seasonal dynamics of new world, freshwater cladocerans’, Limnology and Oceanography, 
45(1), pp. 22–30. doi: 10.4319/lo.2000.45.1.0022. 
Gjelland, K. Ø. et al. (2012) Limnosystem Pasvik (LIPA) observation system – report from 
the 2012 pilot project. NINA Minirapport. Tromsø. 
Gjelland, K. Ø. et al. (2007) ‘Is coexistence mediated by microhabitat segregation? An in-
depth exploration of a fish invasion’, Journal of Fish Biology, 71(1), pp. 196–209. doi: 
10.1111/j.1095-8649.2007.01678.x. 
Gliwicz, Z. M. (1981) ‘Food and predation in limiting clutch size of cladocerans’, SIL 
Proceedings, 21(1), pp. 1562–1566. doi: 10.1080/03680770.1980.11897233. 
Gliwicz, Z. M. (1994) ‘Relative significance of direct and indirect effects of predation by 
planktivorous fish on zooplankton’, Hydrobiologia, 272(1), pp. 201–210. doi: 
10.1007/BF00006521. 
Gliwicz, Z. M. and Pijanowska, J. (1989) ‘The Role of Predation in Zooplankton 
Succession’, in Plankton Ecology, pp. 253–296. doi: 10.1007/978-3-642-74890-5_7. 
Hall, D. J. (1982) ‘Zaret, T. M. 1980. Predation and freshwater communities. Yale Univ. 
Press, New Haven, Connecticut.’, Limnology and Oceanography, 27(2), pp. 391–393. doi: 
 
Page 42 of 68 
 
10.4319/lo.1982.27.2.0391. 
Hall, D. J. et al. (1970) ‘An experimental approach to the production dynamics and structure 
of freshwater animal communities’, Limnology and Oceanography, 15(1), pp. 839–928. doi: 
10.4319/lo.1970.15.6.0839. 
Hammar, J. (1988) ‘Planktivorous whitefish and introduced Mysis relicta : Ultimate 
competitors in the pelagic community.’, Finnish fisheries research. Helsinki, 9(1), pp. 497–
521. 
Hamrin, S. F. (1983) ‘The food preference of vendace (Coregonus albula) in South Swedish 
forest lakes including the predation effect on zooplankton populations’, Hydrobiologia, 
101(1), pp. 121–128. doi: 10.1007/BF00008664. 
Hart, R. C. and Bychek, E. A. (2011) ‘Body size in freshwater planktonic crustaceans: An 
overview of extrinsic determinants and modifying influences of biotic interactions’, 
Hydrobiologia, 668(1), pp. 61–108. doi: 10.1007/s10750-010-0400-y. 
Havens, K. E. et al. (2015) ‘Inter-lake comparisons indicate that fish predation, rather than 
high temperature, is the major driver of summer decline in Daphnia and other changes among 
cladoceran zooplankton in subtropical Florida lakes’, Hydrobiologia, 750(1), pp. 57–67. doi: 
10.1007/s10750-015-2177-5. 
Havens, K. E. et al. (2015) ‘Temperature effects on body size of freshwater crustacean 
zooplankton from Greenland to the tropics’, Hydrobiologia, 743(1), pp. 27–35. doi: 
10.1007/s10750-014-2000-8. 
Heger, T. and Trepl, L. (2003) ‘Predicting biological invasions’, Biological Invasions, 5(4), 
pp. 313–321. doi: 10.1023/b:binv.0000005568.44154.12. 
Helminen, H. et al. (1990) ‘Growth and food consumption of vendace (Coregonus albula 
(L.)) in Lake Pyhäjärvi, SW Finland: a bioenergetics modeling analysis’, Hydrobiologia, 
200(201), pp. 511–522. doi: 10.1007/BF02530368. 
Holway, D. A. et al. (2002) ‘The causes and consequences of ant invasions’, Annual Review 
of Ecology and Systematics, 33(1), pp. 181–233. doi: 
10.1146/annurev.ecolsys.33.010802.150444. 
Høstmark, M. S. (2018) A comparison of vendace and whitefish pelagic diet in the Pasvik 
watercourse, Norway. UiT Norges Arktiske Universitet. 
 
Page 43 of 68 
 
Hyslop, E. J. (1980) ‘Stomach contents analysis—a review of methods and their application’, 
Journal of Fish Biology, 17(4), pp. 411–429. doi: 10.1111/j.1095-8649.1980.tb02775.x. 
Kahilainen, K. and Østbye, K. (2006) ‘Morphological differentiation and resource 
polymorphism in three sympatric whitefish Coregonus lavaretus (L.) forms in a subarctic 
lake’, Journal of Fish Biology, 68(1), pp. 63–79. doi: 10.1111/j.0022-1112.2006.00876.x. 
Krebs, C. J. (2016) ‘Ecological Methodology, Niche Measures and Resource Preferences’, in 
Ecological Methodology. University of Chicago Press, Chicago, pp. 597–651.  
Lambrinos, J. G. (2004) ‘How interactions between ecology and evolution influence 
contemporary invasion dynamics’, Ecology, 85(8), pp. 2061–2070. doi: 10.1890/03-8013. 
Lazzaro, X. (1987) ‘A review of planktivorous fishes: Their evolution, feeding behaviours, 
selectivities, and impacts’, Hydrobiologia, 146(1), pp. 97–167. doi: 10.1007/BF00008764. 
Leroux, S. J. and Loreau, M. (2015) ‘Theoretical perspectives on bottom-up and top-down 
interactions across ecosystems’, in Trophic Ecology: Bottom-Up and Top-Down Interactions 
Across Aquatic and Terrestrial Systems. Cambridge University Press, Cambridge, pp. 3–27. 
doi: 10.1017/CBO9781139924856.002. 
Liso, S. (2010) Vertical distribution and diet of pelagic coregonids in a subarctic 
watercourse after a biological invasion Frankfurt am Main. Johann Wolfgang Goethe-
Universität, Frankfurt am Main, Germany. 
Liso, S. et al. (2011) ‘A planktivorous specialist turns rapacious: Piscivory in invading 
vendace Coregonus albula’, Journal of Fish Biology, 78(1), pp. 332–337. doi: 
10.1111/j.1095-8649.2010.02831.x. 
Liso, S. et al. (2013) ‘Resource partitioning between pelagic coregonids in a subarctic 
watercourse following a biological invasion’, Journal of Ichthyology, 53(1), pp. 101–110. 
doi: 10.1134/S0032945213010074. 
Løvik, J. E. and Kjellberg, G. (2003) ‘Long-term changes of the crustacean zooplankton 
community in Lake Mjøsa, the largest lake in Norway’, Journal of Limnology, 62(2), pp. 
143–150. doi: 10.4081/jlimnol.2003.143. 
Lynch, M. (1977) ‘Fitness and Optimal Body Size in Zooplankton Population’, Ecology, 
58(4), pp. 763–774. doi: 10.2307/1936212. 
Marjomäki, T. J. et al. (2004) ‘Spatial synchrony in the inter-annual population variation of 
 
Page 44 of 68 
 
vendace (Coregonus albula (L.)) in Finnish lakes’, Annales Zoologici Fennici, 41(1), pp. 
225–240. 
Molles, M. C. (2002) Ecology Concepts and Applications. 6th edn. Edited by T. Tibbets. 
McGraw-Hill, New York. 
Mutenia, A. and Salonen, E. (1992) ‘The vendace (Coregonus albula L.), a new species in the 
fish community and fisheries of Lake Inari’, Polskie Archiwum Hydrobiologii, 39(1), pp. 
797–805. 
Northcote, T. G. and Hammar, J. (2006) ‘Feeding ecology of Coregonus albula and Osmerus 
eperlanus in the limnetic waters of Lake Mälaren, Sweden’, Boreal Environment Research, 
11(1), pp. 229–246. 
O’Brien, W. J. (1987) ‘Planktivory by freshwater fish: Thrust and parry in the pelagia’, 
Predation: Direct and Indirect Impacts on Aquatic Communities, 1(1), pp. 3–16. 
Østbye, K. et al. (2005) ‘Evolutionary history of the European whitefish Coregonus lavaretus 
(L.) species complex as inferred from mtDNA phylogeography and gill-raker numbers’, 
Molecular Ecology, 14(14), pp. 4371–4387. doi: 10.1111/j.1365-294X.2005.02737.x. 
Østbye, K. et al. (2006) ‘Parallel evolution of ecomorphological traits in the European 
whitefish Coregonus lavaretus (L.) species complex during postglacial times’, Molecular 
Ecology, 15(13), pp. 3983–4001. doi: 10.1111/j.1365-294X.2006.03062.x. 
Pijanowska, J. (1992) ‘Anti‐predator Defence in Three Daphnia Species’, Internationale 
Revue der gesamten Hydrobiologie und Hydrographie, 77(1), pp. 153–163. doi: 
10.1002/iroh.19920770111. 
Primicerio, R. and Klemetsen, A. (1999) ‘Zooplankton seasonal dynamics in the 
neighbouring lakes Takvatn and Lombola (Northern Norway)’, Hydrobiologia, 411(1), pp. 
19–29. doi: 10.1023/A:1003823200449. 
Reif, C. B. and Tappa, D. W. (1966) ‘Selective predation: Smelt and cladoceans in Harveys 
Lake’, Limnology and Oceanography, 11(1), pp. 437–438. doi: 10.4319/lo.1966.11.3.0437. 
Reitz, S. R. and Trumble, J. T. (2002) ‘Competitive displacement among insects and 
arachnids’, Annual Review of Entomology, 47(1), pp. 435–465. doi: 
10.1146/annurev.ento.47.091201.145227. 
Romagnan, J. B. et al. (2016) ‘High frequency mesozooplankton monitoring: Can imaging 
 
Page 45 of 68 
 
systems and automated sample analysis help us describe and interpret changes in zooplankton 
community composition and size structure — An example from a coastal site’, Journal of 
Marine Systems, 162(1), pp. 18–28. doi: 10.1016/j.jmarsys.2016.03.013. 
Rudolf, V. H. W. and Rasmussen, N. L. (2013) ‘Ontogenetic functional diversity: Size 
structure of a keystone predator drives functioning of a complex ecosystem’, Ecology, 95(5), 
pp. 1046–1056. doi: 10.1890/12-0378.1. 
Salonen, E. et al. (2007) ‘Boom and bust development by invading vendace Coregonus albula 
in the subarctic Inari-Pasvik watershed (Finland, Norway and Russia)’, in Advances in 
Limnology, 60(1), pp. 331-342.  
Salonen, E. and Mutenia, A. (2004) ‘The commercial coregonid fishery in northernmost 
Finland - A review’, Annales Zoologici Fennici, 41(1), pp. 351–355. 
Sandlund, O. T. et al. (2010) ‘Habitat use and diet of sympatric Arctic charr (Salvelinus 
alpinus) and whitefish (Coregonus lavaretus) in five lakes in southern Norway: Not only 
interspecific population dominance?’, Hydrobiologia, 650(1), pp. 27–41. doi: 
10.1007/s10750-009-0075-4. 
Sandlund, O. T. et al. (2013) ‘Arctic charr (Salvelinus alpinus) squeezed in a complex fish 
community dominated by perch (Perca fluviatilis)’, Fauna Norvegica, 33(1), pp. 1–11. doi: 
10.5324/fn.v33i0.1579. 
Sandlund, O. T. et al. (2013) Fiskesamfunnet i Osensjøen, Trysil og Åmot Kommuner, 
Hedmark. Status i 2013 og endringer siden 1970-åra. Trondheim, Norway. 
Schoener, T. W. (1970) ‘Nonsynchronous Spatial Overlap of Lizards in Patchy Habitats’, 
Ecology, 51(3), pp. 408–418. doi: 10.2307/1935376. 
Seebens, H. et al. (2017) ‘No saturation in the accumulation of alien species worldwide’, 
Nature Communications, 8(1), pp. 14435–14435. doi: 10.1038/ncomms14435. 
Simon, K. S. and Townsend, C. R. (2003) ‘Impacts of freshwater invaders at different levels 
of ecological organisation, with emphasis on salmonids and ecosystem consequences’, 
Freshwater Biology, 48(6), pp. 982–994. doi: 10.1046/j.1365-2427.2003.01069.x. 
Siwertsson, A. (2004) Long-term responses of Zooplankton to a Planktivorous fish invasion. 
University of Tromsø. 
Siwertsson, A. et al. (2010) ‘Sympatric diversification as influenced by ecological 
 
Page 46 of 68 
 
opportunity and historical contingency in a young species lineage of whitefish’, Evolutionary 
Ecology Research, 12(8), pp. 929–947. 
Skoglund, S. et al. (2013) ‘Selective predation on zooplankton by pelagic Arctic charr, 
Salvelinus alpinus, in six subarctic lakes’, Journal of Ichthyology, 53(10), pp. 849–855. doi: 
10.1134/S003294521310010X. 
Strayer, D. L. (2010) ‘Alien species in fresh waters: Ecological effects, interactions with 
other stressors, and prospects for the future’, Freshwater Biology, 55(1), pp. 152–174. doi: 
10.1111/j.1365-2427.2009.02380.x. 
Urabe, J. (1991) ‘Effect of food concentration on growth, reproduction and survivorship of 
Bosmina longirostris (Cladocera): An experimental study’, Freshwater Biology, 25(1), pp. 1–
8. doi: 10.1111/j.1365-2427.1991.tb00467.x. 
Vannportalen (2015) ‘Pasvik-Mer om vannområdet’. Vannportalen. Available at: 
https://www.vannportalen.no/vannregioner/norsk-finsk/vannomrader/pasvik/mer-om-
vannomradet/. 
Vitule, J. R. S. et al. (2009) ‘Introduction of non-native freshwater fish can certainly be bad’, 
Fish and Fisheries, 10(1), p. 98-108. doi: 10.1111/j.1467-2979.2008.00312.x. 
Wallace, R. K. (1981) ‘An Assessment of Diet-Overlap Indexes’, Transactions of the 
American Fisheries Society, 110(1), pp. 72–76. doi: 10.1577/1548-
8659(1981)110<72:aaodi>2.0.co;2. 
Weiner, J. (1982) ‘A neighborhood model of annual-plant interference.’, Ecology, 63(5), pp. 
1237–1241. doi: 10.2307/1938849. 
Wootton, R. J. (1990) ‘Biotic interactions: II. Competition and mutualism’, in Ecology of 
Teleost Fishes, pp. 194–201, Chapman and Hall, London. doi: 10.1007/978-94-009-0829-
1_9. 
Ylikörkkö, J. et al. (2015) Environmental Challenges in the Joint Border Area of Norway, 
Finland and Russia, Centre for Economic development, Transport and the Environment for 
Lapland. Available at: http://www.doria.fi/handle/10024/104779. 
Yokomizo, H. et al. (2017) ‘The influence of time since introduction on the population 
growth of introduced species and the consequences for management’, Population Ecology, 
59(2), pp. 89–97. doi: 10.1007/s10144-017-0581-6.  
 





Figure A1: Maximum and minimum water temperatures from every month in the years a) 
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Table A1: Zooplankton categories that were identified and counted in the zooplankton 
samples from Ruskebukta, Tjærebukta and Skrukkebukta in the study years 2008, 2009, 2018 
and 2019. 
Bosmina ssp. 
Bosmina with eggs 
Bosmina with ephippia 
Daphnia sp. female 
Daphnia with eggs 
Daphnia with ephippia 
Daphnia sp. male 
D. galeata 
D. galeata with eggs 
Holopedium gibberum 
H. gibberum with eggs 
Nauplii 
Cyclopoid copepods C1-C3 
Cyclopoid copepods C4-C5 
Cyclops scutifer female 
Cyclops scutifer male 
Mesocyclops leucartii female 
Mesocyclopos leucartii male 
Calanoid copepods C1-C3 
Calanoid copepods C4-C5 
Eudiaptomus graciloides female 
Eudiaptomus graciloides male 
Heterocope appendiculate female 
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Table A2: The categories used for presentation of percent prey abundance. 
Category Species 
Bosmina ssp.  
Daphnia sp.  





Cyclopoid copepods  
Calanoid copepods  
Surface insects + insect pupae Surface insects 
Chironomid pupae 
Trichoptera pupae  
Unidentified insects 




Eurycecus lamellatus  
Ostracods 
Chironomid larvae 
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Table A3:  CPUE values for vendace and DR whitefish in the localities Ruskebukta, 
Tjærebukta and Skrukkebukta in the study years 2008, 2009, 2018 and 2019. 
Locality Year Month Habitat Vendace DR whitefish 
Ruskebukta 2008 9 3 46,17 7,50 
Ruskebukta 2009 9 3 69,33 8,67 
Ruskebukta 2018 9 3 175,17 1,67 
Ruskebukta 2019 9 3 162,00 13,83 
Tjærebukta 2008 9 3 45,33 0,00 
Tjærebukta 2009 9 3 123,00 16,00 
Tjærebukta 2018 9 3 50,17 3,00 
Tjærebukta 2019 9 3 54,83 0,67 
Skrukkebukta 2008 9 3 14,33 9,00 
Skrukkebukta 2009 9 3 14,44 4,44 
Skrukkebukta 2018 9 3 15,42 3,83 
Skrukkebukta 2019 9 3 6,08 1,67 
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Figure A2: Relative density of fish (CPUE; dots with connecting lines) and zooplankton 
(number per net haul; bars) over the four study years (2008, 2009, 2018 and 2019) in the 
three localities: a) Ruskebukta, b) Tjærebukta and c) Skrukkebukta. Nauplius larvae are not 
included in the zooplankton densities. CPUE (catch per unit effort) is the number of fish 
caught per 100m2 gillnet per night. Zooplankton relative density is a number of zooplankton 
per 15 m vertical plankton net haul. 
 
 
Figure A3: Overview of the densities of zooplankton with all species and life stages in a) 
Ruskebukta, b) Tjærebukta, c) Skrukkebukta over the four years investigated in the study 

















Table A4:  Zooplankton density values for vendace and DR whitefish in Ruskebukta, 
































































































































































































Ruskebukta 2008 9 100 20 0 820 253 100 0 0 0 0 1240 607 33 20 0 0 0 0 67 13 0 0 0
Ruskebukta 2009 9 470 20 0 5510 1230 30 0 0 0 0 2740 130 10 70 0 0 230 630 500 50 0 0 0
Ruskebukta 2018 9 75 75 0 1145 690 515 0 5 0 0 230 160 110 0 0 0 25 5 5 0 0 0 25
Ruskebukta 2019 9 945 180 0 4935 2265 480 0 0 105 60 180 195 60 0 0 0 0 30 0 0 0 0 0
Tjærebukta 2008 9 2100 150 0 5880 160 360 30 0 80 0 30 40 110 20 0 0 20 170 120 10 0 0 0
Tjærebukta 2009 9 973 160 0 753 133 67 7 0 0 7 100 0 20 0 0 0 7 87 73 13 0 0 0
Tjærebukta 2018 9 240 104 0 176 56 360 0 0 0 0 32 16 0 0 0 0 48 0 16 0 0 0 0
Tjærebukta 2019 9 768 64 0 4480 896 1904 0 16 48 16 32 32 0 0 0 0 48 32 32 32 0 0 0
Skrukkebukta 2008 9 2150 200 0 2085 150 155 135 0 60 35 180 330 200 20 0 0 10 245 215 15 0 5 0
Skrukkebukta 2009 9 870 160 0 737 43 7 0 0 10 3 180 27 17 17 0 0 37 147 123 27 0 0 0
Skrukkebukta 2018 9 460 129 31 369 37 309 3 0 9 3 783 254 66 6 3 11 66 34 100 43 0 0 0
Skrukkebukta 2019 9 1540 187 40 627 167 187 20 0 20 7 120 120 27 13 0 0 140 133 87 13 0 0 0
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Figure A4: The detailed zooplankton composition account of all species and their various life 
stages in a) Ruskebukta, b) Tjærebukta and c) Skrukkebukta in the four study years (2008, 
2009, 2018 and 2019).  
 
Table A5:  Zooplankton composition values (%) for vendace and DR whitefish in Ruskebukta, 





























































































































































































Ruskebukta 2008 9 3,1 0,6 0,0 25,1 7,7 3,1 0,0 0,0 0,0 0,0 37,9 18,5 1,0 0,6 0,0 0,0 0,0 0,0 2,0 0,4 0,0 0,0 0,0
Ruskebukta 2009 9 4,0 0,2 0,0 47,4 10,6 0,3 0,0 0,0 0,0 0,0 23,6 1,1 0,1 0,6 0,0 0,0 2,0 5,4 4,3 0,4 0,0 0,0 0,0
Ruskebukta 2018 9 2,4 2,4 0,0 37,4 22,5 16,8 0,0 0,2 0,0 0,0 7,5 5,2 3,6 0,0 0,0 0,0 0,8 0,2 0,2 0,0 0,0 0,0 0,8
Ruskebukta 2019 9 10,0 1,9 0,0 52,3 24,0 5,1 0,0 0,0 1,1 0,6 1,9 2,1 0,6 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0
Tjærebukta 2008 9 22,6 1,6 0,0 63,4 1,7 3,9 0,3 0,0 0,9 0,0 0,3 0,4 1,2 0,2 0,0 0,0 0,2 1,8 1,3 0,1 0,0 0,0 0,0
Tjærebukta 2009 9 40,6 6,7 0,0 31,4 5,6 2,8 0,3 0,0 0,0 0,3 4,2 0,0 0,8 0,0 0,0 0,0 0,3 3,6 3,1 0,6 0,0 0,0 0,0
Tjærebukta 2018 9 22,9 9,9 0,0 16,8 5,3 34,4 0,0 0,0 0,0 0,0 3,1 1,5 0,0 0,0 0,0 0,0 4,6 0,0 1,5 0,0 0,0 0,0 0,0
Tjærebukta 2019 9 9,1 0,8 0,0 53,3 10,7 22,7 0,0 0,2 0,6 0,2 0,4 0,4 0,0 0,0 0,0 0,0 0,6 0,4 0,4 0,4 0,0 0,0 0,0
Skrukkebukta 2008 9 34,7 3,2 0,0 33,7 2,4 2,5 2,2 0,0 1,0 0,6 2,9 5,3 3,2 0,3 0,0 0,0 0,2 4,0 3,5 0,2 0,0 0,1 0,0
Skrukkebukta 2009 9 36,2 6,7 0,0 30,7 1,8 0,3 0,0 0,0 0,4 0,1 7,5 1,1 0,7 0,7 0,0 0,0 1,5 6,1 5,1 1,1 0,0 0,0 0,0
Skrukkebukta 2018 9 16,9 4,7 1,2 13,6 1,4 11,4 0,1 0,0 0,3 0,1 28,8 9,4 2,4 0,2 0,1 0,4 2,4 1,3 3,7 1,6 0,0 0,0 0,0
Skrukkebukta 2019 9 44,7 5,4 1,2 18,2 4,8 5,4 0,6 0,0 0,6 0,2 3,5 3,5 0,8 0,4 0,0 0,0 4,1 3,9 2,5 0,4 0,0 0,0 0,0
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Table A6:  Prey abundance values for vendace and DR whitefish in Ruskebukta (RB), 
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Table A7: Exact values for dietary width in terms of Levins’ index for vendace and DR 
whitefish in Ruskebukta, Tjærebukta and Skrukkebukta over the four study years (2008, 2009, 
2018 and 2019).  
Locality Year Vendace Whitefish 
Ruskebukta 2008 3,0 3,0 
Ruskebukta 2009 4,8 3,5 
Ruskebukta 2018 6,7 3,7 
Ruskebukta 2019 3,3 3,3 
Tjærebukta 2008 3,8 2,4 
Tjærebukta 2009 1,7 2,2 
Tjærebukta 2018 1,5 3,8 
Tjærebukta 2019 1,8 3,3 
Skrukkebukta 2008 4,0 3,1 
Skrukkebukta 2009 2,1 2,2 
Skrukkebukta 2018 1,4 1,9 
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Table A8:  Exact values of dietary niche overlap between Ruskebukta (RB), Tjærebukta (TB) 
and Skrukkebukta (SB) over the four study years (2008, 2009, 2018 and 2019, illustrated by 
Schoeners’ index. 
  
2008 2009 2018 2019 
Between species (%) RB 35,9 49,8 46,1 60,2 
TB 71,4 78,6 19,9 57,6 
SB 71,1 90,1 80,8 67,4 




16,2 25,3 23,9 60,8 
TB and 
SB 
81,7 73,2 90,0 92,9 
SB and 
RB 
19,6 33,9 19,7 57,9 




0,6 11,7 62,2 21,6 
TB and 
SB 
70,2 76,1 21,6 61,5 
SB and 
RB 
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Table A9: Average body length (mm) of Bosmina spp. in the environment and in the stomachs 
of the sampled fish in Ruskebukta, Tjærebukta and Skrukkebukta over the four study years 
(2008, 2009, 2018 and 2019). In the fish stomachs, body lengths were only measured in 2018 
and 2019.   
  2008 2009 2018 2019 
Environment Ruskebukta 0,40 0,37 0,43 0,45  
Tjærebukta 0,43 0,39 0,42 0,47  
Skrukkebukta 0,48 0,40 0,43 0,47 
Stomachs Ruskebukta - - 0,04 0,05  
Tjærebukta - - 0,07 0,07  
Skrukkebukta - - 0,05 0,08 
 
 
Table A10: Average body length of Bosmina spp. in the environment and in the stomachs of 
the sampled fish in 2018 and 2019 with standard deviation in Ruskebukta, Tjærebukta and 
Skrukkebukta.  
Ruskebukta Tjærebukta Skrukkebukta 
 
2018 2019 2018 2019 2018 2019 
Environment 0,43 0,45 0,42 0,47 0,43 0,47 
Stomachs 0,40 0,48 0,48 0,52 0,45 0,57 
st.dev env. 0,04 0,05 0,07 0,07 0,05 0,08 
st.dev sto. 0,04 0,06 0,07 0,08 0,05 0,10 
 
 
Table A11: p-value, df and t-results from two-sample t-tests between average length of 
Bosmina spp. in the environment and in the stomachs of the sampled fish in 2018 and 2019 in 
Ruskebukta, Tjærebukta and Skrukkebukta.   
2018 2019 
p-value Ruskebukta 0,001 0,040 
Tjærebukta 0,002 0,001 
Skrukkebukta 0,054 0,000 
df Ruskebukta 70 95 
Tjærebukta 66 104 
Skrukkebukta 97 166 
t  Ruskebukta -3,34 2,08 
Tjærebukta 3,26 3,29 
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Table A12: Average lengths of female egg-carrying Daphnia sp. and of all daphnia sp. in the 
environment of the study lakes Ruskebukta, Tjærebukta and Skrukkebukta for all study years 
(2008, 2009, 2018 and 2019) with standard deviation for 2018 and 2019, which are the two 























Ruskebukta 2008 Length 0,20 0,74 0,55 1,13 0,39 
2009 Length 0,15 0,59 0,45 0,99 0,40 
2018 Length  0,18 0,64 0,46 1,02 0,38 
St.dev 0,02 0,05 0,04 0,09 0,05 
2019 Length  0,18 0,63 0,45 0,99 0,36 
St.dev 0,02 0,06 0,05 0,08 0,05 
Tjærebukta 2008 Length 0,23 0,81 0,59 1,15 0,36 
2009 Length 0,14 0,57 0,43 0,87 0,29 
2018 Length  0,20 0,73 0,53 1,13 0,40 
St.dev 0,03 0,07 0,06 0,10 0,05 
2019 Length  0,17 0,67 0,50 1,04 0,38 
St.dev 0,02 0,08 0,06 0,10 0,06 
Skrukkebukta 2008 Length 0,21 0,83 0,63 1,22 0,39 
2009 Length 0,17 0,68 0,51 1,05 0,37 
2018 Length  0,24 0,75 0,51 1,18 0,43 
St.dev 0,03 0,08 0,07 0,16 0,10 
2019 Length  0,25 0,92 0,67 1,39 0,48 




Ruskebukta 2008 Length 0,18 0,67 0,49 1,03 0,36 
2009 Length 0,15 0,54 0,39 0,89 0,35 
2018 Length  0,17 0,57 0,40 0,90 0,33 
St.dev 0,03 0,09 0,08 0,16 0,09 
2019 Length  0,17 0,58 0,41 0,92 0,34 
St.dev 0,02 0,09 0,08 0,14 0,08 
Tjærebukta 2008 Length 0,19 0,72 0,53 1,05 0,35 
2009 Length 0,14 0,56 0,42 0,81 0,25 
2018 Length  0,18 0,64 0,46 1,00 0,37 
St.dev 0,03 0,11 0,09 0,14 0,06 
2019 Length  0,16 0,59 0,43 0,93 0,33 
St.dev 0,02 0,11 0,09 0,16 0,07 
Skrukkebukta 2008 Length 0,21 0,80 0,59 1,18 0,38 
2009 Length 0,16 0,64 0,48 0,99 0,35 
2018 Length  0,21 0,66 0,45 1,02 0,36 
St.dev 0,05 0,12 0,09 0,17 0,08 
2019 Length  0,22 0,77 0,55 1,19 0,41 
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Table A13: Average lengths of female egg-carrying Daphnia sp. and of all daphnia sp. in the 
fish stomachs from the study lakes Ruskebukta, Tjærebukta and Skrukkebukta for 2018 and 




(mm)   
Carapace 
(mm)   
Total 
(mm)   
Spine 
(mm)   
 Female  
egg-carrying  
Daphnia sp. 
Ruskebukta 2018 Length 0,18 0,61 0,43 0,89 0,27 
st.dev 0,02 0,12 0,11 0,10 0,11 
2019 Length 0,18 0,59 0,42 0,94 0,34 
st.dev 0,02 0,06 0,05 0,10 0,07 
Tjærebukta 2018 Length 0,24 0,71 0,47 1,08 0,37 
st.dev 0,00 0,00 0,00 0,00 0,00 
2019 Length 0,18 0,70 0,52 0,99 0,29 
st.dev 0,03 0,05 0,05 0,09 0,06 
Skrukkebukta 
  
2018 Length  0,13 0,63 0,50 1,03 0,39 
st.dev 0,00 0,00 0,00 0,00 0,00 
2019 
  
Length 0,25 0,89 0,64 1,33 0,44 
st.dev 0,03 0,09 0,09 0,16 0,14 
All Daphnia sp. Ruskebukta 2018 Length  0,17 0,55 0,37 0,84 0,29 
st.dev 0,02 0,09 0,08 0,10 0,07 
2019 Length 0,17 0,56 0,39 0,85 0,30 
st.dev 0,03 0,08 0,06 0,12 0,06 
Tjærebukta 2018 Length 0,20 0,66 0,46 1,01 0,36 
st.dev 0,04 0,05 0,01 0,07 0,01 
2019 Length 0,17 0,68 0,51 0,98 0,29 
st.dev 0,03 0,07 0,06 0,10 0,06 
Skrukkebukta 2018 Length  0,18 0,63 0,46 0,95 0,33 
st.dev 0,04 0,10 0,08 0,13 0,05 
2019 Length 0,25 0,90 0,65 1,32 0,43 
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Table A14: p-value, df and t-results from two-sample t-tests between average lengths of 
Daphnia sp. in the environment and in the stomachs of the sampled fish in 2018 and 2019 in 









































































Page 61 of 68 
 
 
Table A15: p-value, df and t-results from two-sample t-tests between 2018 and 2019 in the 
environment and stomachs for Bosmina spp. and Daphnia sp. in Ruskebukta, Tjærebukta and 
Skrukkebukta. T-tests for Daphnia sp. includes both total body length and the carapace 
length.  
  
Bosmina spp. Daphnia sp. (total 
length) 
Daphnia sp. (carapace 
length)   
environment stomachs environment stomachs environment stomachs 
p-value Ruskebukta 0,078 0,000 0,016 0,475 0,598 0,795 
Tjærebukta 0,000 0,019 0,000 0,627 0,003 0,233 
Skrukkebukta 0,003 0,000 0,108 0,000 0,097 0,000 
df Ruskebukta 82 83 129 15 129 16 
Tjærebukta 87 83 127 42 127 42 
Skrukkebukta 87 176 148 41 148 51 
t  Ruskebukta -1,784 -6,192 2,449 -0,374 0,528 0,264 
Tjærebukta -3,670 -2,395 4,317 0,489 2,998 -1,211 
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Table A16: p-value and intercept result from linear regression-testing of Bosmina spp. body 




















































































































































































































































































































































































































0,407 0,387 0,238 0,622 0,372 0,683 0,556 0,519 0,261 0,321 0,349 0,495 0,405 0,476 0,492 
 
 
Table A17: p-value and intercept result from linear regression-testing of all Daphnia sp. body 
lengths (mm) against temperature data, in all four study years (2008, 2009, 2018 and 2019).   




All temperatures  
Jul15th - Sep15th 
Temperatures 
>8°C 
All temperatures  
Jul15th - Sep15th 
p-value 2008 0,669 0,883 0,355 0,797 
2009 0,045 0,668 0,539 0,445 
2018 0,891 0,628 0,929 0,307 
2019 0,104 0,051 0,107 0,12 
Intercept 2008 1,098 1,135 0,62 0,548 
2009 1,146 1,115 0,429 0,429 
2018 1,063 1,072 0,483 0,504 
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Table A18: p-value and intercept result from linear regression-testing of all Bosmina spp. 
and Daphnia sp. body lengths (mm) against temperature data and CPUE of vendace and DR 









p-value Bosmina spp. 0,534 0,610 0,988 0,838 
Daphnia sp. (total 
length) 
0,000 0,000 0,889 0,166 
Daphnia sp. (carapace 
length) 
0,000 0,002 0,407 0,784 
Intercept Bosmina spp. 0,419 0,422 0,416 0,410 
Daphnia sp. (total 
length) 
0,887 0,891 1,149 1,100 
Daphnia sp. (carapace 
length) 
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Table A19: p-value, df and t-results from two-sample t-tests comparing the lakes 
(Ruskebukta, Tjærebukta and Skrukkebukta), both in the environment and in the fish 
stomachs for Bosmina spp. and Daphnia sp. T-tests for Daphnia sp. includes both the total 
body length and the carapace length. In both Tjærebukta and Skrukkebukta in 2018, it was 
only found one individual of Daphnia sp. in the fish stomachs, therefore statistical analyses 
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Table A20: p-value, df and t-results from two-sample t-tests comparing body lengths (mm) of 
Bosmina spp. and Daphnia sp. in the environment in 2008 with each of the three other study 




Ruskebukta Tjærebukta Skrukkebukta Ruskebukta Tjærebukta Skrukkebukta Ruskebukta Tjærebukta Skrukkebukta
2008 vs. 2009 0,172 0,293 0,001 0 0,044 0,001 0 0,001 0
2008 vs. 2018 0,077 0,756 0,014 0 0,796 0,69 0 0,142 0,006
2008 vs. 2019 0,008 0,113 0,821 0 0,18 0,024 0 0,021 0,363
2008 vs. 2009 41 17 48 75 34 32 78 35 32
2008 vs. 2018 63 51 53 104 42 16 106 43 16
2008 vs. 2019 63 48 48 99 40 47 101 41 47
2008 vs. 2009 1,391 1,086 3,506 7,715 2,093 3,514 8,328 3,776 4,575
2008 vs. 2018 -1,797 0,313 2,538 6,311 0,26 0,406 9,686 1,494 3,168
2008 vs. 2019 -2,76 -1,617 0,218 8,754 1,366 -2,339 9,186 2,408 -0,919




Daphnia sp. carapace length
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Figure A5: Body length (mm) of Bosmina spp. in a) Ruskebukta, b) Tjærebukta and c) 
Skrukkebukta and body length of Daphnia sp. in d) Ruskebukta, e) Tjærebukta and f) 
Skrukkebukta, dependent on annual mean water temperature (°C) from 1991 to 2019. Grey 
points represent the mean and the whiskers represents the bootstrapped 95 % confidence 
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Table A21: Summary results for the linear regression models of mean annual water 
temperature (°C) and catch per unit effort in the pelagic zone (centered and standardized) on 
body-length of Bosmina spp. and Daphnia sp. in the lakes Ruskebukta, Tjærebukta and 
Skrukkebukta from 1991 to 2019. 
 
 
 
 
